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Foreword

How green are battery electric cars? Are they really greener
and more environmentally friendly than the cleanest con-
ventional cars? That's a question that is dividing opinion,
even among environmentalists. In a recent Guardian col-
umn, environmental activist George Monbiot warned that
electric cars won't solve the problems of car pollution:

If, as a forecast by the National Grid proposes, the current fleet
is replaced by 35m electric cars, we'll simply create another
environmental disaster.

In early September, Thomas Ingenlath, the chief executive
of electric car company Polestar, acknowledged that electric
cars are not clean, but that they are the future and will be-
come cleaner:

Electric cars are not clean. As the chief executive of an electric
car company | am not supposed to say that. Let me be clear,
electric cars are the future. Electric cars offer a genuine route
to zero carbon impact, but it is time for honest analysis, tough
questions and some even tougher answers to ensure we
achieve this goal. That is what | want to address today, calling
for the entire industry to become more transparent.

Ingenlath warned that the public has been misled by policy
makers and the car industry before, when diesel cars were
promoted as a green alternative to petrol:

The fraudulent abuse of public trust in order to maximise prof-
itability must rank as one of the most immoral actions ever
perpetrated by the automotive industry. Families bought die-
sel cars because they wanted to help protect the environment.
They were lied to. That must never happen again.

Lifecycle CO, analysis of the environmental impact of
electric vehicles - from the moment metals are mined, and
materials produced for their manufacture, to the end of their
lives and the recycling and disposal of batteries and compo-
nents — and comparisons to conventional cars remain highly
contentious. Thanks to their batteries, electric cars don't
need to burn any fuel and therefore they emit no CO, while
driving. However, if the source of energy to power electric
cars doesn't come from renewable or nuclear energy, their
indirect CO, emissions will be much higher. In other words,
if the electricity used to charge battery cars comes from
coal or gas-fired power plants, as it does in most countries
around the world, it doesn't matter if electric cars are not
emitting CO, directly because this already happened, and in
large amounts, in a conventional power plant.

The process of producing a car includes the extraction
and refinement of raw materials, which are then transported
and manufactured into numerous components, which are fi-
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nally assembled in a car factory. While this process is more or
less the same in both conventional and electric cars, the pro-
duction of electric cars generate significant CO, emissions
due to the production of the batteries. These use materials
such as lithium, nickel, cobalt or graphite, the mining and
extraction of which can be energy-intensive and highly pol-
luting. The number of battery electric cars needs to increase
at least 300-fold to replace all conventional cars. As their
number increases, can the world continue to ignore their im-
pacts on human health, water requirements and eco-toxicity
just because these environmental impacts are exported to
countries where the mining takes place?

That'’s one of the reasons why the question of whether
electric cars are greener or not remains contentious.

Recently Auke Hoekstra and Professor Maarten Stein-
buch published a study that claims electric vehicles already
emit less than half the CO, of combustion engine vehicles.
Professor Gautam Kalghatgi wrote a critique of this new
study, claiming that the advantages of electric vehicles were
smaller. We approached Mr Hoekstra with a request to react
to this criticism. Professor Kalghatgi in turn reacted to that
and we gave Mr Hoekstra the final word.

Auke Hoekstra thinks the report he wrote simply pre-
sents straightforward facts and calculations that represent
the findings of most academic research in this area and that
he rebutted all of Gautham Kalghatgi’s criticisms. Gautam
Kalghatgi sees this differently and thinks Auke Hoekstra
paints the electric vehicle in much too positive a light. At the
Global Warming Policy Foundation we encourage robust
academic discussion and in that light we present the entire
exchange so readers can draw their own conclusions.

The GWPF has no collective view on this question, but
we are keen to encourage and foster a culture of open and
fact-based discussions on all aspects of climate and energy
policy. This is why we are very pleased to be publishing the
following exchange between two eminent researchers and
hope readers will find the discussion informative, enlighten-
ing and encouraging.

Benny Peiser
Director, Global Warming Policy Foundation

* Hoekstra A and Steinbuch M, Comparing the Lifetime Green-
house Gas Emissions of Electric Cars with the Emissions of Cars
using Gasoline or Diesel. Technical report, Technical University
of Eindhoven, 2020. https://static.arkku.datadesk.hs.fi/arkku/
files/26649046englisch_StudieEAutoversusVerbrenner_CO2.pdf
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A critique of Hoekstra and Steinbuch
Gautam Kalghatgi

Introduction

A report by Hoekstra and Steinbuch (hereafter ‘the
authors’), commissioned by the German Green Party,
bends over backwards to show battery electric vehicles
(BEVs) in the best possible light." It is full of criticisms of
other studies for being ‘unscientific’ or ‘influenced by
outside sources’? However, the authors do not seem to
recognise that their own views are prejudiced and not
very objective; they have, perhaps, been doing their
very best to please their sponsors! In fact, all available
technologies, including BEVs, need to be used sensibly
to improve the sustainability of the transport sector.
Hyping up one technology — BEVs — while ignoring the
very serious barriers to its unlimited expansion and ex-
aggerating the shortcomings of internal combustion
engine vehicles (ICEVs) to get to the answer they seem
to want, is not very helpful.

This note outlines some of the problematic as-
sumptions in the Hoekstra and Steinbuch paper, focus-
ing on their comparison of the Mercedes C220d with
the Tesla Model 3. The final section outlines alternative
calculations, using perfectly plausible assumptions,
which show that the difference between BEVs and ICE-
Vs is very much smaller than claimed by the authors.

Emissions from battery production

The authors assume battery production is responsi-
ble for greenhouse gas emissions of 75 kg CO,eq/kWh
of capacity. However, their source,* which they quote
approvingly elsewhere, actually suggests a range of
61-106 kg CO,eq/kWh. Note, however, that these fig-
ures are for the future, when electricity generation,
and hence the energy used for battery manufacture,
is assumed to be free of fossil fuels. Currently, battery
manufacture, and mining and refining of the materials
involved,* takes place in countries such as China and
the Democratic Republic of Congo, which are not go-
ing to decarbonise their energy systems anytime soon.
For example, China accounts for 70% of global battery
production, and most of the processing of lithium and
cobalt salts needed for lithium-ion batteries. And even
if batteries were manufactured with CO_-free energy in
Europe, the embedded emissions would still be much
higher than assumed by the authors - perhaps as high
as 106 kg CO,eq/kWh - because of the emissions from
the mineral extraction and processing in developing
countries.
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Overestimating battery life

The authors criticise an earlier paper by Buchal and Sinn,
who had assumed a battery life of 150,000 km, suggesting
that a figure of 250,000 km should be used. However, Tesla
guarantee the battery for a Model 3 BEV for 8 years.® Let us
assume that the average Tesla Model 3 does 10,000 miles an-
nually, like the average British car.®’” This is an overestimate
because the average BEV would do less mileage because it
will drive shorter distances than the average ICEV. So in 8
years, we should expect the average Tesla Model 3 to do lit-
tle more than 80,000 miles or 129,000 km. This is the practi-
cal, realistic battery life, over which the embedded CO, emis-
sions should be distributed. In other words, Buchal and Sinn
are much nearer the mark than the authors, who seem to ex-
pect the average BEV to last over 15 years, driving 16,000 km
annually.

Carbon intensity of electricity

Even if the electricity used by BEVs is generated from re-
newables, so that the carbon intensity is very low, the extra
electricity demand from BEVs has to be met with marginal
(backup) electricity generation, which can quickly respond
to changing demand. This usually relies on fossil fuels, es-
pecially if nuclear power is not in favour. The authors accept
this fact, but then later dismiss it® because it is ‘subjective’
and launch into a long, subjective defence of their decision.
However, this does not make them right. Notably, the aver-
age carbon intensity of the German grid, which uses a high
proportion of renewables, is 469 g/kWh.? Despite this, the
authors use a value of 250 g/kWh on the assumption that
electricity grids will decarbonise in future. By the same argu-
ment, ICEVs will also get better over the years!

Fuel consumption of ICEVs

The authors reject standard industry numbers for fuel econ-
omy and carbon dioxide emissions, preferring to use figures
they say are from the US Environmental Protection Agency,
although they do not give a direct reference to the figures
used, only citing a website, www.fueleconomy.gov. Howev-
er, the vehicle they use as a comparator for the Tesla Model
3, the Mercedes C220d, is not listed on that website. For the
Mercedes C220d, they assign a value of 228 gCO,eq/km for
driving emissions,'® compared to a maximum WLTP figure
quoted by Mercedes of 151 gCO,eq/km."" So the total emis-
sions - i.e. manufacture and driving - for the C220d should
be only 183 gCO,eq/km rather than 260 gCO_eq/km.

Ignoring wider impacts and costs

While criticising others for ‘ignoring the larger system, the
authors ignore or gloss over many issues that will become
increasingly important as the number of BEVs increases.
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These include in particular, the significant environmental
and human-health issues — worse for BEVs than for ICEVs -
associated with mining and processing of materials.'>'* Just
because these problems are exported from where BEVs are
used does not mean that they are not important environ-
mental issues.

Then there are the large requirements for infrastructure,
in terms of charging, electricity generation and distribution.
As the number of BEVs increases, there are significant is-
sues with electricity distribution at both micro and macro
levels and existing distribution infrastructure will need to be
rebuilt.'*'>

The authors also gloss over the challenges posed by re-
cycling the batteries from EVs, which are considerable be-
cause of the weight and complexity of batteries. Currently,
it is difficult to recover commercially useful material from
spent batteries, although the technology might improve.

Fossil fuel production emissions

There is a big push in the oil industry to improve energy ef-
ficiency and reduce/eliminate flaring. For instance, Saudi
Aramco have been steadily reducing flaring for at least two
decades. The result is that their upstream carbon intensity is
now only 4.6 gCO,eq/MJ, less than half the world average.'
Using this best current value, the total CO, emission for die-
sel comes to 3091 gCO_eq/litre, about 7% lower than the fig-
ure quoted by the authors.”

Ignoring electrical losses
If fossil fuel production efficiencies are to be considered for
ICEVs, the following must also be taken into account for BEVs

« transmission and distribution losses for electricity,
which vary from 16% in low-income countries to 6% in
high-income countries'®

- losses while charging the BEV battery, which amount
to about 16%."

So the total efficiency for BEVs, from electricity produc-
tion to charging, is only around 79% in rich countries, an
overall efficiency less than for diesel, including crude oil pro-
duction and refining, even using the authors’ figures.?

Future developments

Hoekstra and Steinbuch seem to think that there is no scope
to improve ICEVs. However, there is little doubt that with
better combustion, control and after-treatment systems,
and with partial electrification and weight reduction, fuel
consumption of gasoline engines can be reduced, perhaps
by as much as 50%.?' Similarly, as discussed above, crude
production and refining can be expected to become more
efficient. Why do the authors assume such improvements
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will not happen?

And as an aside, ICEVs may soon be seen as preferable to
BEVs in terms of their non-greenhouse pollution standards.
Modern (Euro VI) diesels can meet or beat the most stringent
NOx standards and have negligible particulate emissions in
real driving conditions.?’ And as ICEV exhaust management
systems improve, particulates such as those released from
tyre wear become more important contributors to pollution.
BEVs, because of their greater weight (because of the bat-
tery), will be worse for particulates.

An alternative calculation

On what basis did the authors select the Tesla Model 3 and
Mercedes C220d for making their comparison? In this sec-
tion, we show that it is easy enough to draw different con-
clusions by making other plausible assumptions. In other
words, the authors' results are subjective.

Table 1 reworks the calculations using the Mercedes
A220d Saloon and the Tesla Model 3 Long Range (75 kW).
These two vehicles are used because they have comparable
dimensions and the range of the Tesla, quoted at 320 miles,
is more in line with that of the A220d. However, the kerb
weight of the A220d is 1484 kg compared to 1847 kg for the
Tesla Model 3 Long Range. This is primarily because the Te-
sla’s battery weighs 480 kg.”

Reasonable assumptions — different to those of Hoek-
stra and Steinbuch - are made about the emissions involved
in manufacture and use. These assumptions are as follows.

For the battery, we assume 106 kg CO,eq/kWh of bat-
tery capacity to account for the fact that, in the future, min-
ing and processing of metals will continue to take place in
countries with high carbon intensity, even if final battery as-
sembly/manufacture takes place in Europe, with fossil-free
electricity. Tesla guarantees the Model 3 Long Range battery
for eight years or 120,000 miles (192,000 km). We assume a
ten-year battery life and 16,000 km annual distance covered.
So, the realistic, practical distance over which the embedded
battery manufacture emissions can be distributed is taken
to be 160,000 km. Thus, emissions associated with battery
manufacture component is 49.7 gCO, eq/km.

We assume for this exercise that the manufacturing
emissions, excluding those for the battery, are the same for
both vehicles.

For driving emissions, we take the maximum WLTP fig-
ure quoted by Mercedes Benz of 143 gCO, eq/km for the
A220d Saloon.™

As noted above, BEVs on average will be charged by
marginal (backup) electricity generation, which can quickly
respond to changing demand. It is not credible that millions
of BEVs will charge only when they detect the electricity com-
ing down the cable to be zero-carbon! This will probably be
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fossil-fuel based for many years in Germany, because nucle-
ar energy is being phased out and ways to store renewable
electricity at scale are not viable. So, a more credible number
(probably an underestimate) for the carbon intensity of the
BEV charging grid is 500 g CO, eq/kWh, slightly higher than
the current average figure for Germany of 469 gCO, eq/kWh.

The combined city and motorway driving energy use
for the Tesla Model 3 is 240 Wh/mile or 149 Wh/km.?* Hence
the driving contribution is 74.5 gCO, eq/km.

We can also add end-of-life GHG emissions — the emis-
sions associated with recycling and/or disposing of the ma-
terials used. For BEVs a figure of around 15 g CO, eq/kWh is
used,** while for ICEVs, a figure for end-of-life emission of
400-800kg,”® and an assumption of a 200,000 km lifetime
for the Mercedes A220d, gives a result of 2-4 g CO, eq/km.

Table 1: Results of the alternative calculation

ICEV BEV
Mercedes A220d  Tesla Model 3
Saloon Long Range

g CO, eq/km g CO, eq/km

Manufacturing ex-battery 32 32
Battery - 49
Driving 143 75
Recycling 4 15
Total 179 171

The results are shown in Table 1.

There are other very serious environmental and health im-
pacts of BEVs which cannot be ignored as their number
increases, as explained above. BEVs also require the devel-
opment of significant new infrastructure for charging and
electricity generation and distribution. In the UK, the Tesla
Model 3 Long Rangeis listed at around £47,000 and the Mer-
cedes A220d Saloon, which can be refuelled in about five
minutes using existing infrastructure, at around £31,000.
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Figure 1: Abstract from my pa-
per in Joule.

Rebuttal by Hoekstra
Auke Hoekstra

Summary

Mr Kalghatgi challenges our scientific integrity and assump-
tions but ignores that we published this information before
without sponsoring and that each of our assumptions is well
supported by multiple sources. He on the other hand forgets to
include entire emission categories and makes up assumptions
with little or no sourcing.

| will react to Mr Kalghatgi’s response using his section titles
and will refer to him as GK. | will summarise first (in italics),
followed by a quote from GK and rebuttal from me.

Introduction

We did not bend over backward to please our sponsor as evi-
denced by the fact that | had already published almost exactly
the same results before in a scientific journal.

Regarding GK’s suggestion that ‘they have, perhaps, been
doing their very best to please their sponsors!, | would like
to point out that before | wrote this study, | had been mak-
ing exactly the same points for years on Twitter and that |
wrote an unsponsored article for the scientific journal Joule
- requested by the editor at the start of 2019 - in which |
pointed out exactly the same errors and came to the same
conclusions (with some minor updates due to new studies
appearing in 2020).' Figure 1 shows the title and abstract,
and Figure 2 the table, with the main conclusions, so you can
judge for yourself.

The Underestimated Potential
of Battery Electric Vehicles

to Reduce Emissions

Auke Hoekstra'.%*

Greenhouse gas (GHG) emission reductions possible with battery electric vehi-
cles (BEVs) are underestimated in the scientific literature. The following causes
are identified and illustrated: overestimating battery manufacturing, underesti-
mating battery lifetime, assuming an unchanged electricity mix over the lifetime
of the BEV, using unrealistic tests for energy use, excluding fuel production
emissions, and lack of system thinking. In an example calculation, BEVs reduce
emissions from 244 to 98 g/km. In a fully renewable system, BEV emission could
decrease to 10 g/km.

Now that we have conclusively established that we reached
almost the same results before we were sponsored to do
this study, making the entire accusation of changing them
to suit our sponsors baseless, | would like to make two fur-
ther points.
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Figure 2: Key emissions data
from my paper in Joule.

Joule
Table 1. Life Cycle GHG Emissions in g/km of a Diesel Car and BEV
Buchal et al.” Hoekstra et al.” Renewable Future
Diesel Car Total 170 244 153
Driving 143 217 150
Manutacturing 27 27 3
BEV Total 189-214 95 10
Driving 73 55 -]
Manufacturing 100-125 40 4
(Battery) (73-98) (16) (2)

Analogous to Buchal et al.,” this scenario assumes comparing a Mercedes C 220 d as the diesel carand a
Tesla Model 3 with 74 kWh NCA battery as the electric vehicle. To make Buchal et al. relevant to a wider
audience, the German electricity mix was replaced with the average European electricity mix. The German
mix would result in increased driving emissions of 16 g/km for Buchal et al. and 18 g/km for Hoekstra et al.”
The Renewable Future scenario is speculative but illustrates the impact of the integral system approach.

« First: we were asked to reformat our existing research
in a way better suited to the discussion on the topic in
Germany. Never were we asked to reach a certain con-
clusion, only to present our earlier research. This we did.

« Second: GK joined Saudi Aramco in 2010 after 31
years with Shell and all his publications are on combus-
tion engines. If anyone is vulnerable to ad-hominem
attacks that imply his standpoints are due to ‘bending
over backwards’ for sponsors instead of having scientif-
ic integrity, it would be him. That someone with such
a fossil-fuel background implies that it is our scientific
integrity that is lacking, without even taking the trouble
of establishing that we had previously reported similar
results (which would have been obvious after a quick
Google search) is not smart in my opinion.

But let’s forego any more mudslinging and concentrate on
the facts and arguments.

Emissions from battery production

GK misunderstands the one source he claims we use, and ig-
nores the other seventeen. He then picks the highest value of
that one source, without supporting this choice by sources.

Statement by GK

‘However, their source,?> which they quote approvingly else-
where, actually suggests a range of 61-106 kg CO,eq/kWh!

Rebuttal

We cite that range of 61-106 ourselves. So, the use of the
word ‘actually’ seems out of place here. Furthermore, we
discuss a total of 18 sources in some depth,>' not one. We
criticise many of them (mostly by pointing out that the val-
ues used are based on outdated manufacturing practices),
but we cite at least six of them approvingly (to use the term
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adoped by GK)?>#>'7-19 and point out that even sources we
criticise agree that most of the carbon reduction stems from
improved production processes in larger factories.’”” GK only
points to emissions from the electricity generating system,
but if you do the maths, scaling up is even more important.

Statement by GK

‘Note, however, that these figures are for the future, when
electricity generation, and hence the energy used for battery
manufacture, is assumed to be free of fossil fuels!

Rebuttal

This is simply wrong. As Emilsson and Dahllof state in their
summary: ‘Based on the new and transparent data, an esti-
mate of 61-106 kgCO,eq/kWh battery capacity was calcu-
lated for the most common type, the NMC chemistry. The
difference in the range depends mainly on varying the elec-
tricity mix for cell production.?

So only the lower end of the scale (the value of
61 kgCO,eq/kWh) is for a future where the factory uses re-
newable energy. And this fact was clearly communicated in
the summary.

Furthermore, we are actually pretty critical of Emilsson
and Dahllof (since it is the follow up to a study that was
broadly maligned as being unrealistically pessimistic), which
is why we take so much time to explain how it differs from
other studies and why we supplement it with five other
sources that we consider more thorough and which use
more recent data.

Statement by GK

‘Currently, battery manufacture, and mining and refining of
the materials involved, takes place in countries such as China
and the Democratic Republic of Congo, which are not going
to decarbonise their energy systems anytime soon. For exam-
ple, China accounts for 70% of global battery production, and
most of the processing of lithium and cobalt salts needed for
lithium-ion batteries!

Rebuttal
GK seems to be confusing battery production with mining,
since Congo is only relevant for cobalt mining. The artisan
mines in Congo, the working conditions of which are rightly
criticised, hardly have a problem in being fossil-fuel pow-
ered, since they use human muscle, pickaxes, and buckets.
Furthermore, GK and | were both comparing the diesel
vehicle to the Tesla Model 3, and Tesla actually published
battery manufacturing emissions for their battery produc-
tion plant. So it is encouraging that the value we use for
2020 (based on multiple sources) comes very close to the
value Tesla reported for 2019.
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Anticipating this ‘but China’argument — which we have
heard often before — we included two sources in our study
that looked at battery production in China specifically and
they underscore our point,** not GK’s. It's a shame he seems
to have missed that.

Statement by GK

‘And even if batteries were manufactured with CO,-free en-
ergy in Europe, the embedded emissions would still be much
higher than assumed by the authors — perhaps as high as
106 kgCO,eq/kWh - because of the emissions from the min-
eral extraction and processing in developing countries!

Rebuttal

GK seems to misunderstand the one source that he uses.? He
seems to think that the entire range of 61-106 kgCO,eq/kWh
pertains to production with emission free energy. Instead
this is just the case for the lowest number. Apart from that,
GK does also not defend taking the highest value from this
range of one source. All in all | think that he should study the
topic more closely before attacking others.

Overestimating battery life

GK confuses warranty with lifetime, and makes up an example
instead of using reliable sources as we did.

Statement by GK

‘The authors criticize an earlier paper by Buchal and Sinn, who
had assumed a battery life of 150,000 km, suggesting that a
figure of 250,000 km should be used. However, Tesla guaran-
tee the battery for a Model 3 BEV for 8 years.> Let us assume
that the average Tesla Model 3 does 10,000 miles annually, like
the average British car.5” This is an overestimate because the
average BEV would do less mileage because it will drive short-
er distances than the average ICEV. So in 8 years, we should
expect the average Tesla Model 3 to do little more than 80,000
miles or 129,000 km. This is the practical, realistic battery life,
over which the embedded CO, emissions should be distribut-
ed. In other words, Buchal and Sinn are much nearer the mark
than the authors, who seem to expect the average BEV to last
over 15 years, driving 16,000 km annually’

Rebuttal

That the Tesla guarantee is less than the assumed lifetime
is irrelevant. No car gives a guarantee on any part (e.g. the
motor) that is anywhere close to the lifetime. GK simply as-
sumes an electric vehicle drives less than average and will
fail once the guarantee is up. This is laughingly simplistic.
We quote multiple sources to back up our claim that mod-
ern batteries easily outlast the lifetime of the car.?>* GK only
has his ‘but that can’t be true because they would last longer
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than the warranty’ argument. We showed a detailed analy-
sis of European data to come up with an average car lifetime
(something GK doesn’t even attempt to improve or comment
upon), an approach that was groundbreaking the first time we
published about it,' and which has now been corroborated by
a new and very extensive study by Ricardo for the European
Commission® (although the report conservatively stops at
225,000 km instead of our 250,000 km).

Carbon intensity of electricity

GK assumes EVs are powered by marginal electricity, without ex-
plaining why demand from other uses does not use it instead. He
also ignores time of day, which is a must when using marginal
electricity.

Statement by GK

‘Even if the electricity used by BEVs is generated from renewa-
bles, so that the carbon intensity is very low, the extra electric-
ity demand from BEVs has to be met with marginal (backup)
electricity generation, which can quickly respond to changing
demand. This usually relies on fossil fuels, especially if nuclear
power is not in favour. The authors accept this fact, but then lat-
er dismiss it because it is‘subjective’and launch into a long, sub-
jective defense of their decision. However, this does not make
them right. Notably, the average carbon intensity of the German
grid, which uses a high proportion of renewables, is 469 g/kWh.
Despite this, the authors use a value of 250 g/kWh on the as-
sumption that electricity grids will decarbonize in future. By the
same argument, ICEVs will also get better over the years!

Rebuttal

This is now the go-to argument of EV sceptics: ‘electric vehicles
will use the marginal mix’ The argument goes like this: ‘Coal
fired power plants are the first to be turned off due to them
being last in the merit order as their marginal cost is highest.
So, the added demand of the electric vehicle leads to them
being run on coal’

We call this ‘subjective’ for the following reason. Who de-
termined that electric vehicles are last in the demand merit
order? Might not the electricity that is no longer needed to re-
fine oil be considered marginal demand too once we go down
that route? Why would heat pumps and factories producing
solar panels not be considered marginal demand? And once
we start: why is simply using less energy not something that
we subtract from marginal demand?

So, you can not simply take one form of electricity de-
mand and say ‘this one will use all the coal’ When you go
down that route you have to rank all electricity demand and
defend your ranking. Some blogposts have tried (and failed in
my opinion) but we know of no serious publication that has
attempted this.
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Electricity production in Germany in April 2020
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Figure 3: Electricity production in Germany, April 2020.
https://www.energy-charts.de/powerhtm. See also my Twitter discussion on the same subject at https://twitter.com/Auke-
Hoekstra/status/1300718012304064512.

Furthermore, you have to take the time of consump-
tion into account. Because over the lifetime of electric ve-
hicles they will often charge on moments during the day
when they generate no demand for coal at all.

We can already see a reduction in the amount of coal
being burned in Europe and Germany, with days entirely
without coal use expected within a few years (Figure 3).So,
referring to marginal demand without simulating it and
taking time of day into account is another sign of someone
trying to do down electric vehicles without understanding
exactly how electricity markets work.

Finally, electric vehicles are actually unique in terms
of potentially supporting renewable energy. As renewable
energy system researchers - which GK clearly isn't - we are
excited about the prospect of ‘smart charging’?~*'This ba-
sically means that charging will be shifted automatically
to times when energy is cheaper. On those times it is also
greener. Car owners will still find their car full when they
use it again, but they will charge cheaper and greener. This
is not an elusive idea, but something | helped to imple-
ment (and use) in multiple places in the Netherlands with-
out a problem. Government, car manufacturers and users
are all in favour and we have received delegations with
German experts that where about to implement it in Ger-
many too. It is also part of the IEC 15118 standard that is
already implemented by German car manufacturers. With
smart charging, the electric vehicle would be the cleanest
form of marginal demand, not the arbitrarily dirtiest.

Basically this‘marginal demand’argument is just a way
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to allocate the dirtiest form of electricity available on the
market to the type of innovation you want to criticize, while
still appearing somewhat scientific. That’s why we don’t use
it for electric vehicles. But when we ask electric vehicle crit-
ics to rank the sources of demand mentioned above, using a
rational basis that shows why electric vehicles come after all
the other ones, we never get a coherent reply.

Fuel consumption of ICEVs

GK ignores both diesel production (one of our six cardinal mis-
takes) and the fact that WLTP is not realistic without a correc-
tion factor.

Statement by GK

‘The authors reject standard industry numbers for fuel econ-
omy and carbon dioxide emissions, preferring to use figures
they say are from the US Environmental Protection Agency,
although they do not give a direct reference to the figures
used, only citing a website, www.fueleconomy.gov. However,
the vehicle they use as a comparator for the Tesla Model 3, the
Mercedes C220d, is not listed on that website. For the Mer-
cedes C220d, they assign a value of 228 gCO,eq/km for driv-
ing emissions, compared to a maximum WLTP figure quoted
by Mercedes of 151 gCO,eq/km. So, the total emissions - i.e.
manufacture and driving - for the C220d should be only
183 gCO,eq/km rather than 260 gCO_eq/km.

Rebuttal

First of all GK simply forgets to add the emissions from fos-
sil fuel production to the number he uses. We list six errors
many studies make, and this is one of them. That he has
read our report and still makes one of those six errors while
criticising our numbers (which do incorporate them), beg-
gars belief. So, this error immediately makes GK’s statement
wrong by 24% (in the case of diesel production).

Taking the WLTP, according to the quick-and-easy but
unrealistic approach we discuss directly below, brings the
emissions to 183 gCO,eq x 1.24 (because of diesel produc-
tion) = 227 gCO eq.

But we explain what is wrong with the WLTP in detail.
Basically, it is still a test paid for and influenced by the manu-
facturer and we know (this is not debatable, but factually es-
tablished, as we document) the fuel economy figures under
the NECD (the precursor to the WLTP) ended up being 40%
lower than in real-world use. By the way, the other study of
the European Commission we mentioned® takes another
approach that yields the same result: it takes the WLTP but
multiplies by a factor to bring it in line with real-world use.

Regarding the usage data for the Mercedes, we state in
our study: ‘If measurements are not available from the EPA
(which happens for some diesel cars not sold in the US), we
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recommend finding another independent source, prefera-
bly doing tests of many vehicles. A good option is spritmoni-
tor.de where there are often thousands of measurements
for popular diesel cars and one could argue that it is hard to
come closer to real world use! So, we took our usage data for
the Mercedes from spritmonitor.de.

Ignoring wider impacts and costs

GK assumes ICEVs are better for the environment without pro-
viding sources that actually say this. Although we did not men-
tion this topic because it was out of scope for the study, here we
point to a source that compares ICEVs and EVs, showing that
EVs are better for the environment and have lower human tox-
icity.

Statement by GK

‘While criticising others for ‘ignoring the larger system, the
authors ignore or gloss over many issues that will become in-
creasingly important as the number of BEVs increases. These
include in particular, the significant environmental and hu-
man-health issues — worse for BEVs than for ICEVs - associated
with mining and processing of materials. Just because these
problems are exported from where BEVs are used does not
mean that they are not important environmental issues.

Then there are the large requirements for infrastructure, in
terms of charging, electricity generation and distribution. As
the number of BEVs increases, there are significant issues with
electricity distribution at both micro and macro levels and ex-
isting distribution infrastructure will need to be rebuilt.

The authors also gloss over the challenges posed by recycling
the batteries from EVs, which are considerable because of the
weight and complexity of batteries. Currently, it is difficult to
recover commercially useful material from spent batteries, al-
though the technology might improve!

Rebuttal

This study is about CO, emissions, so the criticism that we
‘gloss over’ other aspects is true. We also gloss over the
health impacts of oil because that is not the subject of our
study either. But if GK claims that the environmental impacts
are worse for BEVs than for ICEVs he is flat out wrong. More-
over, his sources just point to potential problems with EVs
without saying they are worse than the ICEVs.

To communicate this | would like to use the latest and
most extensive report on this subject again (Figure 4).**What
we see here is that EVs score better on human toxicity, wa-
ter scarcity, ozone creation, PM formation, etc. The only area
in which they score worse is the depletion of minerals and
metals. But this problem is really one of long-term depletion,
which can be countered using recycling (we point to reports
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Figure ES4: Summary of the relative impacts for Lower Medium Cars for the most significant mid-point
impacts for road transport, by powertrain for 2020 and 2050 (Tech1.5 Scenario)
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Powertrain types: G- = Gasoline; ICEV = conventional Internal Combustion Engine Vehicle; HEV = Hybrid Electric
Vehicle; PHEV = Plug-in Hybrid Electric Vehicle; BEV = Battery Electric Vehicle; FCEV = Fuel Cell Electric Vehicle.
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Ozone Creation Potential, PMF = Particulate Matter Formation, HTP = Human Toxicity Potential, ARD_MM =
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Figure 4: Environmental impacts of different vehicle types.

showing this area is developing quickly). Fossil oil depletion
will happen sooner, and recycling is of course impossible.

Fossil-fuel production emissions

GK claims that oil from his employer, Saudi Aramco, emits less
CO, per kWh than average. This is true but irrelevant.

Statement by GK

‘There is a big push in the oil industry to improve energy ef-
ficiency and reduce/eliminate flaring. For instance, Saudi Ara-
mco have been steadily reducing flaring for at least two dec-
ades. The result is that their upstream carbon intensity is now
only 4.6 gCO,eq/MJ, less than half the world average. Using
this best current value, the total CO, emission for diesel comes
to 3091 gCO_eq/litre, about 7% lower than the figure quoted
by the authors!

Rebuttal
We understand GK wants to paint his employer, Saudi
Aramco, in a positive light and indeed their emissions are
a bit lower than average. But we assume ICEVs drive on an
average mix; not an unrealistic assumption, we think.
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Upstream and combustion emissions
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Figure 5: Extract from our paper, showing that we do consider electrical losses.

Ignoring electrical losses

GK claims we ignore electrical losses. We actually include more
losses than he proposes.

Statement by GK

‘If fossil fuel production efficiencies are to be considered for
ICEVs, the following must also be taken into account for BEVs

« transmission and distribution losses for electricity,
which vary from 16% in low income countries to 6%
in high-income countries

+ losses while charging the BEV battery, which amount
to about 16%.

Rebuttal

We add not 16% but 31% due to upstream emissions, trad-
ing and grid losses. It is unclear to us how GK could have
overlooked the figure in our paper, reproduced here as Fig-
ure 5. As for charging losses: they are included in the EPA
measurements, as anyone familiar with the methodology
would have known.

Future developments

GK claims we ignore future developments for ICEVs. We simply
did not consider the future in this study, but our previous study,
where such a comparison was in scope, shows we do not ignore
this but use assumptions similar to what GK is proposing. How-
ever, adding the future perspective only underscores that the
advantages of BEV:s relative to diesel and gasoline will strongly
increase in the future.
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Statement by GK

‘Hoekstra and Steinbuch seem to think that there is no scope
to improve ICEVs. However, there is little doubt that with bet-
ter combustion, control and after-treatment systems, and with
partial electrification and weight reduction, fuel consumption
of gasoline engines can be reduced, perhaps by as much as
50%. Similarly, as discussed above, crude production and re-
fining can be expected to become more efficient. Why do the
authors assume such improvements will not happen?

And as an aside, ICEVs may soon be seen as preferable to BEVs
in terms of their non greenhouse pollution standards. Mod-
ern (Euro VI) diesels can meet or beat the most stringent NOx
standards and have negligible particulate emissions in real
driving conditions.21 And as ICEV exhaust management sys-
tems improve, particulates such as those released from tyre
wear become more important contributors to pollution. BEVs,
because of their greater weight (because of the battery), will
be worse for particulates.!

Rebuttal

It is simply wrong that we assume there is no scope to im-
prove ICEVs. We did not consider future developments in
this study, so we didn’t touch on the topic of technological
advances. However, in my earlier report, | assumed improve-
ments of 30% (see Figure 2). Interestingly, this is same value
given in the publication GK refers to as the improvement
possible from advances to ICEV drivetrains.?®

A figure of 50% can only be reached by adding weight
reductions (which would also improve the efficiency of the
electric vehicle if done to both vehicles) and hybridisation
(adding a battery and more powerful electric motor to the
conventional motor). Since GK is fulminating against electric
drivetrains and batteries, it seems questionable to include
them in the potential efficiency gains for ICEVs.

However, if we start fantasising about such a utopian fu-
ture in terms of combustion drivetrains, we should compare
the results with an equally utopian future for electric driv-
etrains. And since electric drivetrains can be produced and
used entirely with renewable electricity that itself can be
produced using renewable electricity, the efficiency gains of
EVs can been argued to come close to emitting no CO, at all,
not just 30% less. So, if we start fantasising about a perfect
future, the advantages of the electric vehicles increase in-
stead of decrease.

Regarding diesels being seen as preferable to BEVs in
terms of non-greenhouse pollution standards: it is true that
NOx emissions can be very low for trucks, and they could
be very low for cars too if they adopted measures common
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in trucks, such as the use of ‘ad blue’in the exhaust system.”
However, this will not make diesels better, as it only shifts
the problem elsewhere: less NOx leads to more O..

Regarding the weight of electric vehicles: with batteries
and drivetrains getting lighter in a very predictable way, it is
my assumption that most new BEVs will become lighter than
their ICEV counterparts between 2025 and 2030.

An alternative calculation

GK makes an alternative calculation that is almost completely
off.

As discussed above, GK is wrong in every single attack on us.
| had expected him to find some small mistakes (I am cer-
tainly fallible), but none of his points are correct.

Unsurprisingly, | think his alternative calculation is ut-
terly wrong. My reasons have already been set out, but let
me summarise:

- He assumes 106 kgCO,eq/kWh for battery produc-
tion instead of 75 kgCO,eq/kWh.

« He uses the highest value of one arbitrary source
without supporting this decision. We would like to refer
him to our detailed discussion of 18 sources.

« He assumes a battery will fail the moment the war-
rantee runs out.

« Does he also assume a VW Golf will fail as soon as its
4-year/50,000 mile warranty® runs out?

«  We would like to stick to our long list of more thor-
ough sources that actually document battery degrada-
tion timescales instead of warranties.

« Heassumes diesel does not have to be manufactured.
Our documentis all about‘the top six errors in EV critical
studies’and this is one of them. To make this mistake in
an attack on our publication is not very smart, to put it
mildly. By the way: GK doesn’t seem to dispute that die-
sel production needs to be included, because he does
address the issue when he defends his employer Saudi
Aramco as having lower emissions than average. He just
forgets to add it in his calculations.

« Heassumes WLTP is more realistic than road tests. We
discussed this at length above.

- He takes a marginal mix of 500 gCO,eq/kWh. We dis-
cussed why taking the marginal mix is subjective and
unsuitable. He is wrong to claim that we assumed EVs
would drive on fully renewable electricity.

*  Ad blue is a fluid that can be injected in small quantities into exhaust
gases to reduce NOx emissions.
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Response from Kalghatgi
Gautam Kalghatgi

I thank Mr Hoekstra for engaging in this discussion. | apolo-
gise if the German Green Party did not commission or spon-
sor their report. It is quite clear that AH believes in what he
says. | was not aware that AH had published these views be-
fore and I am sorry to have questioned the authors’ scientific
integrity.

The views | express are my own and sincerely held.
Though the number of BEVs is growing fast, they start from
a very low base and the technology faces very significant
environmental and economic barriers to unlimited growth;
ignoring or downplaying these barriers will lead to bad poli-
cy decisions. All available technologies, including BEVs, ICEVs
and fuels need to be continuously improved and used sensi-
bly to improve the sustainability of the transport sector. | am
not‘against’BEVs and if | am ‘fulminating’against anything at
all, it is against the belief that BEVs are the only solution for
transport and that ICEVs can and should be eliminated. Also,
I am not an employee of Saudi Aramco - | retired more than
two years ago and | don't get a pension from that compa-
ny. | am currently a Visiting Professor at Oxford University. In
the past, | have also been a Visiting Professor at Imperial Col-
lege and Sheffield University, part-time Professor at TUE and
Adjunct Professor at KTH Stockholm for various durations. |
hope AH and his co-author extend me the courtesy of not
questioning my technical integrity.

My main point is the obvious one, namely that there is
a great deal of leeway in the assumptions one can make. AH
obviously thinks their assumptions are objective and correct
while those of others are not. | think their report overstates
CO, emissions from the ICEV, Mercedes C220d, and under-
states those from the Tesla Model 3 and shows the Tesla in
a far more favourable light than is probably the case. In my
remarks below, I'll focus on this broad point rather than ad-
dress every remark made by AH (some of them quite snide!)
in his rebuttal, unless it is necessary.

Overstating CO, emissions of Mercedes C220d

The authors assign a value (183 g CO,eq/km) that is 21%
higher than the maximum WLTP figure for combined driving
and then multiply it by a factor of 1.24 to account for emis-
sions from crude oil production, refining and transport of
fuel. However, | pointed out that the current best figure for
crude oil production from a major producer is only 45% of
the figure they use. | did so because all major oil producers
are striving to reach such a figure in the future, not because
I am an employee of Saudi Aramco (I am not). If AH feels it
is right to extrapolate to use future reduced emissions from
electricity generation (see next section), it should be ac-
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ceptable to use what is demonstrably possible for upstream
emissions. Using this figure (4.6 gCO,/MJ), the multiplica-
tion factor becomes 1.15. So, the authors are overstating the
emissions of the ICEV by 30%. | did not include these up-
stream emissions in my table at the end, but discussed it un-
der a separate heading. So, for the Mercedes C220d, a figure
of 174 (151 x 1.15) CO,eq/km is justified. Taking the WLTP
figure is also justified because it is compared with the com-
bined driving energy use for the Tesla in the next section.
Incidentally, AH makes the following remark:

First of all GK simply forgets to add the fossil fuel production
to the number he uses. We list six errors many studies make,
and this is one of them. That he has read our report and still
makes one of those six errors while criticising our numbers
that do contain them, beggars belief.

| did not make this error. | addressed these issues under two
separate headings. The percentage losses are similar.

Understating CO, emissions from Tesla Model 3

| was comparing the cars in Germany because the report by
AH seems to have gained a lot of traction there and they ex-
plicitly rebut the work of Buchal and Sinn, which was also
much discussed in Germany. Germany has a current carbon
intensity of 469 gCO_/kWh for power generation. In their
analysis, AH starts with 267 gCO_/kWh for the EU average
and ends up with 251 gCO,/kWh over the lifetime of the
Tesla. So, for Germany, this figure would be 441 gCO_/kWh.
It should actually be much higher because BEVs charge on
marginal electricity, the carbon intensity for which in Ger-
many is 555-1360 gCO_/kWh," but let us ignore this point
and take 441 gCO,/kWh. We then take the US EPA figure of
28 kWh/100 miles for energy use by the Tesla — by the way,
| know that this includes charging losses; | had used 24
kWh/100 miles in my alternative calculation and addressed
the charging losses separately — or 0.175 kWh/km. So, the
driving emissions for Tesla would be 77 gCO_eq/km for Ger-
many.

Though 1 think the figure for battery manufacture in
their table should be greater than 23 gCO,eq/km for the rea-
sons | have given, | won't try to convince AH of this anymore!
We will also use 28 gCO,eq/km contribution from manufac-
ture ex battery. The only change we will make in the table in
HK's report is to use 77 gCO,eq/km for driving the Tesla in
Germany and add 15 gCO,eq/km for end-of-life emissions,
giving a total of 143 gCO,eqg/km instead of 91 gCO,eq/km
for the Tesla.

For the Mercedes C220d, we add 4 gCO,eq/km for end-
of-life emissions and take driving emissions as 174 gCO,eq/
km (for the Mercedes A220d these will be 164 gCO,eq/km).

1t Buchal and Sinn Eur. Phys. J. Plus (2019) 134: 599.
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The total for the C220d will then be 210 gCO,eq/km and for
the A220d, 200 gCO,eq/km. So, with these assumptions, the
Tesla Model 3 Long Range is 32% better than the Mercedes
C220d, not 65% better.

Incidentally, AH says of my statement that the numbers
for CO, emissions from battery production are for the future:

This is simply wrong. As Emilsson and Dahllof state in the sum-
mary: ‘Based on the new and transparent data, an estimate of
61-106kg CO_-eq/kWh battery capacity was calculated for the
most common type, the NMC chemistry. The difference in the
range depends mainly on varying the electricity mix for cell
production!

The preceding sentence in the summary referred to, explain-
ing the low values for GHG emissions from battery produc-
tion, says:

One important reason is that this report includes battery man-
ufacturing with close-to 100 percent fossil free electricity in
the range, which is not common yet, but likely will be in the
future.

So what is‘simply wrong'about my statement that the num-
bers in the report by AH are ‘for the future’?

The above discussion simply highlights the very obvi-
ous point that the results depend on the assumptions one
makes. My assumptions above are ‘not almost completely
off’ | think the assumptions AH makes are biased towards
making a BEV look as good as possible for GHG emissions.

Other issues

The environmental and economic issues cannot be ignored
as the number of BEVs increases. BEVs currently account for
around 0.33% of global light duty vehicle (LDV) numbers
and LDVs account for only 45% of global transport energy
use. If all LDVs, including large SUVs, are to be replaced by
BEVs, the required battery capacity has to increase by well
over a factor of 300. Such an enormous increase in materials
required for battery production will have problems associ-
ated with human health and water and eco-toxicity. It will
lead to an appreciable reduction in global greenhouse gases
only if all the energy used for manufacture of batteries and
use is GHG-free.

In response to one of AH's challenges, Hawkins et al.
state that ‘The different EV options have 180% to 290%
greater [human toxicity potential] impacts compared to the
ICEV alternatives'*| have not had a chance to study the re-
port, which I think is from Ricardo, and from which AH takes
Fig. ES4, which seems to show otherwise. Also, in the figure

¥ J. Ind. Ecology, vol 23 pp 53-60 , 2013. Also see, Brennan, J.W. and
Barder, T. Battery Electric Vehicles vs. Internal Combustion Engine Vehicles,
2016, Arthur D Little.
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shown by AH, the base car is a gasoline car. But these en-
vironmental issues undoubtedly exist. Also, there are huge
costs, material requirements and environmental problems
associated with new infrastructure required for a significant
increase in BEV numbers which will inhibit such an increase.

| am confident that BEVs cannot and, in fact, should not
replace ICEVs completely. All available technologies includ-
ing BEVs, ICEVs and fuels should be continuously improved
and used to reduce the GHG and other environmental im-
pacts of transport while ensuring adequate availability of
societies’ needs for transport.
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Concluding comments from Hoekstra
Auke Hoekstra

I'm glad Mr Gautam Kalghatgi (GK) no longer suggests the
outcomes of our research are influenced by the organisation
that asked for the research (since we published them earlier).
| concede that | erroneously assumed GK forgot to take
diesel production into account. In fact, he took theoretical
WLTP values instead of real-world numbers for energy use
and best-in-class instead of average diesel production num-
bers. Together this produces almost the same result as for-
getting diesel production, hence my confusion. The magni-
tude of his error does not change materially but | erroneously
attributed it to the wrong cause. My apologies for that.

| discussed at length why taking the marginal electric-
ity mix, in the way GK does, makes no sense. GK is free to
take the average German electricity mix instead of the aver-
age EU mix and indeed this increases the Model 3’s driving
emissions over its lifetime by around 33% (as | mention in
my Joule article).

I'm glad that our use of many sources pointing out low-
er battery production emissions has had an effect. | would
like to point out again that the 100% renewable scenario
in Emilsson and Dahllof pertains to the lower value in their
range of emissions, not to the whole emission range. Adding
end-of-life emissions specifically for batteries is fine, if sec-
ond lives and recycling are also considered and if a source is
given. I'm missing GK's source for end of life emissions and in
our report we explain how second lives and recycling actu-
ally lower the carbon footprint of battery production.

All'in all, I see no reason to change my assumption that
the Tesla Model 3 emits 64% less CO2 in Europe than the
Mercedes C220d. And although | think GK is still too nega-
tive about EVs for aforementioned reasons, I'm glad he has
moved from 4% better to 32% better in Germany.

As a closing remark, | don't want to claim electric ve-
hicles are unproblematic. On the contrary, | have often said
that if all of humanity had the same level of car ownership as
currently seen in developed countries, this would be highly
problematic. But whether in terms of human toxicity or envi-
ronmental damage, electric vehicles are simply less bad. The
faster combustion vehicles are retired in favour of electric
ones, the better. I'm confident that anybody who studies our
exchange in detail and with an open mind will come to that
same conclusion.

31



About the Global Warming Policy Foundation

The Global Warming Policy Foundation is an all-party and non-party think tank and a registered
educational charity which, while openminded on the contested science of global warming, is
deeply concerned about the costs and other implications of many of the policies currently being
advocated.

Our main focus is to analyse global warming policies and their economic and other implica-
tions. Our aim is to provide the most robust and reliable economic analysis and advice. Above all
we seek to inform the media, politicians and the public, in a newsworthy way, on the subject in
general and on the misinformation to which they are all too frequently being subjected at the
present time.

The key to the success of the GWPF is the trust and credibility that we have earned in the
eyes of a growing number of policy makers, journalists and the interested public. The GWPF is
funded overwhelmingly by voluntary donations from a number of private individuals and
charitable trusts. In order to make clear its complete independence, it does not accept gifts
from either energy companies or anyone with a significant interest in an energy company.

Views expressed in the publications of the Global Warming Policy Foundation are those of
the authors, not those of the GWPF, its trustees, its Academic Advisory Council members or
its directors.



THE GLOBAL WARMING POLICY FOUNDATION

Director
Benny Peiser

BOARD OF TRUSTEES

Honorary President
Lord Lawson

Terence Mordaunt (Chairman)
Dr Jerome Booth

Chris Gibson-Smith

Kathy Gyngell

Professor Michael Kelly

ACADEMIC ADVISORY COUNCIL

Dr Ruth Lea

Charles Moore
Baroness Nicholson
Graham Stringer MP
Lord Turnbull

Professor Christopher Essex (Chairman)
Sir Samuel Brittan

Sir lan Byatt

Dr John Constable
Professor Vincent Courtillot
Christian Gerondeau
Professor Larry Gould
Professor Ole Humlum
Professor Gautam Kalghatgi
Professor Terence Kealey
Bill Kininmonth

Professor Richard Lindzen
Professor Ross McKitrick

Professor Robert Mendelsohn
Professor Garth Paltridge
Professor lan Plimer
Professor Gwythian Prins
Professor Paul Reiter
Professor Peter Ridd

Dr Matt Ridley

Sir Alan Rudge

Professor Nir Shaviv
Professor Henrik Svensmark
Professor Anastasios Tsonis
Professor Fritz Vahrenholt
Dr David Whitehouse



For further information about the Global Warming Policy
Foundation, please visit our website at www.thegwpf.org.

The GWPF is a registered charity, number 1131448.




