
 Electric Vehicles 

EVS SHOULD THRIVE ON FALLING COSTS & GREEN-TINGED POLICY, BUT THEIR OIL 

DEMAND IMPACT IS STILL MORE PROMISE THAN THREAT FOR A WHILE YET 

EVEN OPTIMISTIC EV SALES FORECASTS IMPLY MINIMAL OIL DEMAND DESTRUCTION OVER THE NEXT FIVE YEARS. THE BACK HALF

OF THE DECADE COULD BEGIN TO REGISTER MORE NOTICEABLY IF SALES GROWTH IS EXPLOSIVE. 

WE’RE NOT CONFIDENT OF MUCH ON THE OIL DEMAND FRONT OUT TO 2025, BUT WE ARE CONFIDENT THAT EVS OF ALL TYPES CANNOT 

BUILD UP A WHOLE LOT MORE THAN ANOTHER ~500 KB/D OF OIL DEMAND SUBSTITUTION IN THE NEXT FIVE YEARS. TRULY MATERIAL EV 

DRIVEN OIL DEMAND DESTRUCTION (MORE THAN LET’S SAY 3 MB/D) IS HIGHLY UNLIKELY BEFORE THE 2030’S -- SEE BELOW LEFT FOR 

WHAT WE THINK IS AN OPTIMISTIC PROJECTION OF THE PACE AND SIZE OF DEMAND DESTRUCTION.  

Battery manufacturing constraints are a critical bottleneck and may push that estimate out even further.  

In Elon Musk’s own words: “We’ve got to really make sure we get a very steep ramp in battery production and 
continue to improve the cost per kilowatt-hour of the batteries — this is very fundamental and extremely difficult, 
… We’ve got to scale battery production to crazy levels that people cannot even fathom today.” (link) 

Scaling battery production seems to be the key potential constraint for EVs, which itself is the main disruptor in for 
instance the 2020 BNEF electric vehicle outlook. While we think BNEF is (perhaps very) optimistic, we’ll refer to it 
since it’s at least comprehensive, granular, and transparent as well. In this and all other long range prognoses, the 
lion’s share of oil demand losses come from EVs in the personal transport segment of the 48 Mb/d global road fuel 
market that is now the domain of oil (see below left).   

Battery dependent EVs could make real inroads into the segment of urban and short-haul, light- / medium-duty 
commercial transport (a ~10 Mb/d market) but depend more on policy. Physics and infrastructure requirements 
make the substitution job harder still for BEVs in the heavy-duty, long-haul commercial transport segment. 

In the 2030s EVs could displace ludicrous amounts of oil demand only if metals supply explodes, which we question 

            Source: Bloomberg New Energy Finance, CSM Research 
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EVS: FROM NICHE TO A SIZEABLE PART OF THE MAINSTREAM

EVs are closing the gap in the race with conventional ICE vehicles from an engineering and cost perspective (and 
perhaps cool-ness view too). But there is still no clear and sizeable value proposition to the segment. Despite that, 
policy (on climate, energy security, and industrial strategy) has put the EV sector on the cusp of accelerating 
growth. The question remains however, how quickly can EV’s scale up and to what degree. 

At least one of us is an old-fashioned gear head and all of us understand engineering and economics well enough 
to know that in a broader transport equation electric cars make sense to growing numbers of consumers and to 
policy makers – especially in Europe (climate) and China (oil dependence).  

We agree that passenger EVs have certain inherent engineering advantages over internal combustion engines: 

• Electric powertrains have only a fraction of the parts of conventional internal combustion engines; need
next to no maintenance; are better suited to stop-and-go urban traffic; their power delivery can be con-
trolled more precisely and consistently; all of which makes them better suited to autonomous driving; and
their costs have fallen to within competitive ranges. And many argue that they even perform better.

But perfect they are not: 

• Batteries for all electric cars: remain heavy and expensive; have lingering concerns regarding asset life; have
no clear end-of-life solution;  complicate industrial insurance for manufacturer and supplier product liability
(link); and make EVs more likely to be “totaled” in an accident.

o Nor are EVs much of a climate game-changer if the grids they’re hooked into and manufactured
on are not green – a critical point we made when we first discussed the battery ‘solution’ in trans-
portation last year (link) The International Energy Agency in its latest comprehensive forecasting
exercise highlighted the same with appropriate misgivings as well (link, link).

Full cycle GHG emissions audit of different car types: On current grids, battery EVs with long ranges are as cli-
mate unfriendly as smaller ICE cars over a 10-year lifespan; unless and until power-grids get green, EVs don’t 
reduce GHG emissions much in this audit. Grids should get greener, and ICEs will improve their game too … 

            Source: International Energy Agency, CSM Research 
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Nevertheless, global EV sales should take off … 

Policy leads, or better, policy has led. It is not about the merits alone. Decisions – mostly political, some commercial 
– that were made over the last few decades have pushed passenger EVs to the break out point from niche (e.g. 
Toyota’s Prius of the late 1990s) and cool (Tesla’s S in the naughts) to the main exporting auto manufacturers 
launching their new models in ads during the Superbowl of 2020 (e.g. VW’s Audi e-tron). Even now, after crippling, 
Covid-19 related setbacks these self-same manufacturers maintain that they are on track to release upwards of 20 
new EV models for the 2023 model year (e.g. GM in the US). Nor is China abandoning its strategic and industrial 
policy objective to establish its own ‘world-beating’ auto sector, the biggest by far to date.  

We agree with much of the forecasting out there that within alternative transport, fast growing battery electric 
passenger car sales should drive the next wedge of oil demand replacement, or loss if you prefer.  

In this note, we explore what to believe about how much oil demand will more likely be replaced and over what 
timeframe. As important, we refine and re-iterate what we think are legit boundaries around that growth potential 
-- boundaries that will need new or unproven or non-commercial solutions to work around, and make us skeptical 
about much of the forecasting for the 2030s or beyond …  

… the question is how fast and how far 

We have studied many forecasts. To frame things we here will refer to the 2020 edition of Bloomberg’s New Energy 
Finance’s Electric Vehicle Outlook. We like its transparency, comprehensiveness, and granularity, even if -- for rea-
sons explained below – we must emphasize that we also find BNEF’s base case optimistic. There are still more 
optimistic forecasts out there, as well as a number of more conservative views – here is our take: 

Why focus on battery electric cars: To date, through 2019, it’s fair to argue that electrified road transport has al-
ready (or ‘only’) replaced some 720 kb/d of annual oil consumption, with more than half that represented by 2&3 
wheelers (mostly in China) and nearly a third of that by E-buses, see below. Accelerating growth of BE cars is next. 

Battery Electric cars could in the next five years substitute out another roughly 400 kb/d of oil consumption by 
2025, on the plausible assumption that sales resume to annual growth rates north of 35% in China and Europe, and 
hit such rates in the US.  

o Add in some more growth for e-busses and 2&3-wheelers as well as the first large wave of light 
duty, short haul commercial vehicles and we agree that as much as another 800 kb/d of oil demand 
(mostly gasoline) will be replaced by EVs of all shapes by 2025 — by which time alternate power 
trains should therefore be substituting some 1.4 Mb/d of oil out of the energy equation 

Framing the oil demand impact of the looming acceleration of EV sales: While we appreciate the approach, 
we think that BNEF’s 2020 edition of its EV outlook remains optimistic about EV growth in this decade, the 
story beyond that ventures into the as yet unknowable space of new tech and compounding policy choices. 

           
            Source: Bloomberg New Energy Finance, CSM Research 
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Similarly, it’s at least possible that EV substitution keeps accelerating and may by the turn of the 2030s ‘replace’ 
as much as 3 Mb/d of oil demand – though based on current tech and forecasts of commerciality and politics, this 
does already involve some stretching of credulity on scaling of battery manufacturing and infrastructure build out. 

WHAT DRIVES OIL DISRUPTION IN THE OPTIMISTIC CASE 
While we think that BNEF’s implied ~0.3 Mb/d pa headwind to oil demand growth from 2020 to 2030 and ~1.2 
Mb/d pa headwind to oil demand growth from 2030 to 2040 is too aggressive due to supply chain bottlenecks, it’s 
worth quickly pointing out where specifically disruption is expected to occur in the optimistic case. 

Over the next 10-20 years, BNEF forecasts that roughly ~80% of the incremental alternative drivetrain driven oil 
demand destruction will come from passenger and commercial EVs. 

• With the rest driven by electric two wheelers and buses and natural gas commercial vehicles. 

Within those categories, China, Europe, and the US are by far the most significant geographies, accounting for ~85% 
of sales in 2030 and still ~70% of sales in 2040. 

Hence monitoring passenger vehicle trends in China and Europe (and to a lesser extent the US) and commercial 
vehicle trends in the US and Europe (and to a lesser extent China) will tell nearly the entire story of whether 
alternative drivetrain driven oil disruption is progressing at the expected rate. 

For the next 10 years, China, Europe, and US passenger EV sales are the most important thing to watch (left); 
Within the smaller category of commercial EVs, the US and Europe are the most important to watch (right) 

           
            Source: Bloomberg New Energy Finance, CSM Research 

Passenger EV sales have sharply deteriorated in China due to reduced subsidies, but that may be temporary. The 
US, which is smaller, has also hit a stumbling block. European sales growth remains very strong. 

China and US passenger EV sales began to deteriorate in late ‘19, while European trends remain strong (left);  
BNEF forecasts extremely strong sales growth for the next 5-10 years in all three key markets (right) 

           
            Source: Bloomberg New Energy Finance, CSM Research 
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The oil demand displaced by EVs is highly sensitive to the sales CAGR, especially next decade when metals supply 
chain is most likely to run into to bottlenecks that slow growth.  

• If passenger EV sales growth is ~6% pa from 2030 to 2040 instead of the BNEF base case ~8% pa, then ~20% 
less oil is displaced by 2040.  

• If passenger EV sales growth is ~25% pa from 2020 to 2030 instead of the BNEF base case ~31% pa, then 
~30% less oil is displaced by 2030. 

Small tweaks to the growth rate in passenger EV sales dramatically alter estimates of oil demand displaced 

           
            Source: Bloomberg New Energy Finance, CSM Research 

METALS PRODUCTION/PURIFICATION MUST EXPAND DRAMATICALLY BE-

FORE MEANINGFUL AMOUNTS OF OIL DEMAND CAN BE DISPLACED 
If we had to name one variable that leaves us skeptical of BNEF’s EV sales outlook, it’s battery metals demand.  

By 2030 BNEF openly forecasts a ~5x increase in lithium production, a ~2x increase in cobalt production, and a 
~2x increase in class I nickel production. Somehow this is assumed to be reasonable and achievable. 

• We will discuss the (to us) glaring issues with each of these forecasts in greater detail below. 

Beyond 2030, BNEF doesn’t even bother to forecast metals demand “since new technologies may be available for 
commercial use… for example, solid state batteries may be in common use”. 

• This excuse is borderline disingenuous, and glosses over the fact that the metals demand implied by the 
2040 EV sales outlook is astronomical. Not to mention that the most hyped (and still hypothetical) future 
improvements in battery technology are geared toward improving performance (energy density, asset life, 
etc.) and reducing cobalt demand, but not necessarily demand for other metals. 

o Taking BNEF’s specific hypothetical of widespread solid state technology adoption, it’s highly un-
likely that lithium intensity of battery manufacturing would decrease meaningfully. In fact, grams 
of lithium per kwh of battery capacity may even increase since the whole point of a solid state 
design is to replace the graphite anode with a lithium metal anode to improve energy density. 

While BNEF sees “unprecedented but achievable increases in materials, components, and cell production”, even 
“Tesla expects [a] global shortage of electric vehicle battery materials” (link). At the risk of repeating ourselves, 
Elon Musk himself cites a steep ramp in battery production “to crazy levels that people cannot even fathom” as 
“very fundamental and extremely difficult”. Yet for some reason BNEF’s 200 page EV outlook relegates the critical 
discussion of battery manufacturing and materials demand to the back of the report  
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With all that in mind, let’s get into the specifics on the outlook for a few particular materials (that are perhaps the 
most notable, but not entirely comprehensive e.g. we will not cover copper yet). 

Lithium: plenty of resources for now, but how quickly can production scale 

The BNEF 2040 EV sales forecast implies a ~20 year economic lithium reserves to production ratio (assuming utilities 
demand for batteries remains muted, link), so the abundance of lithium is not a medium term problem for the EV 
industry. That said, rapidly increasing the rate of extraction and purification of lithium could prove to be a real 
bottleneck for EV production, even in the next five years. 

Given the BNEF EV sales outlook, demand for lithium in particular is set to grow explosively, faster than demand 
for other metals in the supply chain, for two key reasons: 

• The lithium intensity of battery manufacturing is unlikely fall. The one-to-one correspondence between 
electrons flowing through a circuit and lithium ions flowing across a battery electrolyte is fundamental to 
lithium battery technology regardless of electrode chemistry. 

o So for example, while grams of cobalt per kwh of battery capacity can fall substantially as manufac-
tures substitute toward nickel, prospects for reducing grams of lithium per kwh of battery capacity 
are dim. 

• EV batteries are already a large end market for lithium (~25% of total lithium demand). So the growth rate 
of total lithium demand will more closely match the growth rate of lithium demand for EV batteries. 

o Unlike, for example, class I nickel, of which only ~7% ends up in EV batteries. So even if the EV 
subsegment grows very quickly, total class I nickel demand will be more impacted by the growth 
rate of other, larger end uses e.g. stainless steel (for now – by 2030, BNEF estimates that ~50% of 
class I nickel will be used in EV batteries). 

Since the BNEF EV sales forecast implies explosive growth of demand for lithium, and since there are plenty of 
resources in the ground, extraction and purification of lithium resources seems like a natural place to expect 
bottlenecks in the supply chain.  

• All the more so since greenfield lithium mining projects have very long lead time, ~3-5 years for hard rock 
mining and ~7 years for brine projects according to Platts.  

• Not to mention brownfield expansions can also take ~1-2 years at least, with regulatory approval and, in 
the case of brine production, 1-2 year drying time being particularly notable bottlenecks. 

• Much talked about spare capacity at existing mines will run out quickly if demand doubles over the next 
five years.  

Marrying data from McKinsey and BNEF, incremental supply through 2025 will come ~60% from greenfield projects, 
~20% from brownfield projects, and ~20% from spare capacity (if production capacity is in fact able to double from 
2020 levels as projected). So the industry is reasonably dependent on long lead time greenfield projects in a strong 
demand growth environment. 

Near term, through 2025, lithium production may or may not be able to double in line with BNEF’s expectations. 
It’s true that global lithium mining more than doubled in the last five years, but that was from a much smaller base, 
and driven almost entirely by hard rock mining in Australia. Roughly half of BNEF’s capacity add in the next five 
years comes from Argentina and Chile, where the industry is heavily regulated by local governments and environ-
mental concerns have delayed mining expansions multiple times (link, link, link). Furthermore, lithium mining in-
vestments in South America and elsewhere are being postponed and/or cancelled due to a long stretch of over-
supply / weak market conditions as well as a temporary COID-19 induced demand slump and supply chain hiccups 
(link, link, link). If EV manufacturing really kicks up in 2023/24/25, it is possible that reduced investment this year 
and next leaves the lithium market short on supply. 
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• Bolivia, with vast reserves and little current production, will also be critical to watch (link). 

Doubling lithium production from 2020 to 2025 hinges on unprecedented expansions in South America 

           
            Source: Bloomberg New Energy Finance, BP, CSM Research 

Looking beyond 2025, given the long lead time required for greenfield mining projects and uncertainty around 
the pace of EV manufacturing, there is considerable risk of sustained lithium bottlenecks in a high growth sce-
nario. As if doubling lithium production from 2020 to 2025 wasn’t challenging enough, BNEF predicts yet another 
doubling from 2025 to 2030, and implies a third doubling from 2030 to 2040. If at any point along the way there is 
not enough supply to keep up with demand growth, it could take years to bring online enough new projects to 
relieve constraints. EV bulls better hope that lithium miners generate enough cash flow from operations and/or 
attract enough investment to stay ahead of the curve. Lately it seems like there is little appetite to deploy capital - 
then again backward looking / current lithium demand has not been that strong. 

Cobalt: a scarce resource concentrated in inconvenient places leaves EV bulls banking on substitution 

Even BNEF admits that cobalt “continues to present a problem for the battery industry”. That’s because it’s a 
critical, scarce material, with 50+% of production and reserves in the Democratic Republic of the Congo, which has 
more than a few “S” and “G” issues (link). 

• True there are vast cobalt resources in manganese nodules miles deep on the ocean floor not counted as 
“reserves”, but the engineering, economic, and political challenges of harvesting this cobalt at scale within 
the next couple decades seem unlikely to be surmounted. 

Extrapolating BNEF’s forecast, even if cobalt reserves are added at the rate they are consumed, years of demand 
cover gets very tight by 2040 – and if reserves aren’t replenished cobalt runs out before 2050. This issue is com-
pounded by the concentration of resources in the DRC, the Saudi Arabia of cobalt (on steroids). 

If cobalt production grows at the rate implied by BNEF, reserves (which mostly sit in the DRC) get very tight 

           
            Source: Bloomberg New Energy Finance, BP, CSM Research 
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Granted cobalt is one area where BNEF is perhaps justified in mentioning the prospect of improving technology. 
There has been considerable success in reducing the grams of cobalt needed per kwh of battery capacity.  

But past breakthroughs are not necessarily indicative of future breakthroughs, and the BNEF forecast bakes in a 
huge amount of optimism around low-cobalt battery chemistries. Without widespread migration toward NMC 
(811) chemistries by 2025 and NMC (9.5.5) chemistries by 2030, the cobalt demand growth implied by BNEF’s EV 
sales forecast would be dramatically higher (the cobalt intensity of these chemistries are ~50% and ~25% lower 
than what’s common today, respectively). 

It’s very unclear that the cobalt content of batteries can be reduced further without performance degradation. 
Increasing the proportion of nickel relative to cobalt improves battery energy density, but introduces concerns 
around the structural integrity of the cathode and the battery asset life, among other things. Eliminating nickel and 
cobalt entirely in favor of say an LFP chemistry (link) reduces energy density, which is detrimental vehicle perfor-
mance, limits the battery size/vehicle range, increases the number of charges/discharges to drive a fixed distance 
(potentially accelerating the degradation of battery capacity), etc. 

For the optimists: 

• Solid state technology could improve battery energy density enough that manufacturers are more willing 
to compromise on cathode weight and move away from nickel/cobalt chemistries. 

• Less likely, there could be major improvements in cathode technology e.g. air cathodes. 

For the cynics: Tesla just signed a huge long term cobalt supply agreement with Glencore (link). 

Nickel: high purity requirements for batteries drive need for processing buildout and/or substitution 
toward lower purity in other end uses e.g. stainless steel 

Nickel demand is typically split into two categories, class I and class II, depending on whether the required purity is 
more or less than 99.8%, with each commanding roughly ~50% of the market (link).  

Nickel supply also falls into two distinct categories, depending on whether it is mined from sulfides or laterites. 
Roughly ~75% of high purity class I nickel comes from sulfides which are simpler and less expensive to process. 

EV batteries require high purity class I nickel, and according to BNEF, demand for high purity class I nickel is set to 
double by 2030, from ~1.1 million tons per year to ~2.2 million tons per year. Even if we accept that ~0.34 million 
tons per year of high purity class I nickel non-battery demand can be replaced by lower purity class II nickel (BNEF 
estimate), that still implies a 75% increase in class I demand. 

Dramatically increasing production of high purity class I nickel could prove to be a serious bottleneck. Production 
from nickel sulfides has been on the decline and the USGS notes that “the decline in discovery of new sulfide de-
posits in traditional mining districts has led to exploration in more challenging locations such as east-central Africa 
and the subarctic” (link). If sulfide deposit mining is unable to meet incremental demand, which seems likely, the 
industry will have to substantially expand processing/purification of laterite deposits. BNEF admits that “much of 
the future class I nickel capacity comes from high pressure acid leaching (HPAL) projects in Indonesia and Aus-
tralia… HPAL projects have a poor track record… this could jeopardize nickel availability for the battery industry”.  

Once again, lithium-ion batteries with nickel based cathodes have the highest energy density across current com-
mercial technologies. And current research is focused on increasing, not decreasing the amount of nickel used in 
batteries to further improve energy density and also reduce the need for cobalt. If nickel does become a serious 
constraint, the industry may have to shift more toward LFP chemistries (link), which have lower energy density or 
innovate substantially (e.g. solid state). 
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ICE AND FUEL CELL ADVANTAGES OVER EVS TYPICALLY GROW WITH VE-

HICLE SIZE AND RANGE, THOUGH UTILIZATION IS ALSO CRITICAL 
While we will not layout a detailed total lifecycle cost comparison across different fuels and modes of transport in 
this note (many others have already attempted, and it is difficult to make apples to apples comparisons), we do 
want to highlight the key metrics that drive vehicle economics and why EVs are more likely to become competitive 
in some transportation subsegments than others e.g. ride share passenger vehicles more so than private passenger 
vehicles and much more so than international air travel. 

• Besides economics, engineering constraints may also come into play. A lithium-ion battery that stores 
enough energy for a 6000 mile flight in a Boeing 787 would weigh roughly ~1700 metric tons (assuming 
~250 wh/kg), roughly 7x the maximum takeoff weight of the airplane. Cost is not the only issue clearly. 

Key metrics that determine total lifecycle vehicle cost across different fuels and modes of transport are fuel storage 
capacity, engine performance (e.g. horsepower, torque, thrust), fuel costs, and vehicle utilization (as well as 
maintenance and insurance). Generally EVs have a higher up front cost (driven by fuel storage capacity) that is paid 
back over the life of the vehicle via savings on fuel costs and the higher the vehicle utilization, the faster an EV 
breaks even. Hence why EV is relatively advantaged in rideshare and/or autonomous relative to private ownership. 

• Granted higher EV utilization also reduces the asset life of the battery, which could outweigh higher ICE 
maintenance costs if frequent battery replacement is required.  

• The cost of building a refueling network and the time to refuel a vehicle are also relevant considerations. 

In general, larger vehicles have larger fuel storage capacity requirements, which is cheap to increase for an ICE, 
reasonably cheap to increase for a hydrogen vehicle (carbon fiber tank), and very expensive to increase for an 
EV. Hence the larger the vehicle, the larger the initial cost premium for an EV. This would merely be a sticker shock 
/ time value of money issue if fuel requirements increased proportionately and uniformly across technologies with 
vehicle size, but they do not. EVs are heavier (because of the battery) and as vehicles scale up in size, this weight 
disadvantage is magnified. Meanwhile larger combustion engines have higher thermal efficiencies. Hence increas-
ing the size of a vehicle not only increases the upfront cost premium for an EV, but also lengthens the fuel savings 
driven payback period (both in terms of cashflows and CO2 emissions). 

• Say we have a small EV and a small ICE vehicle that are comparable/competitive. Then double the size of 
both to a large EV and a large ICE vehicle. If the small EV weighed ~500 pounds more than the small ICE, the 
large EV will weigh ~1000 pounds more than the large ICE. And if the small EV spends x amount of extra 
energy per mile lugging an extra ~500 pounds of weight, the large EV spends 2x amount of extra energy per 
mile lugging an extra ~1000 pounds of weight. Add to that the fact that larger ICE engines are more efficient 
at converting a tank of fuel to power at the wheels and it should be clear that the fuel advantages of EVs 
deteriorate with size (electricity may be cleaner and cheaper, but not if you have to use a lot of it). 

• The rise in onboard computing power (e.g. for autonomous) will likely also increase fuel storage capacity 
requirements, depending on whether more efficient braking etc. can offset the energy cost of computing.  

EVs do have very high horsepower ratings (even at low RPMs) due to favorable discharge characteristics of lith-
ium batteries. Put simply EVs can do a lot of work, just not for a very long time (and they have to pull their own, 
substantial, weight). Then again, diesel engines also have favorable horsepower/RPM curves. And as we pointed 
out above, larger EVs have longer payback periods (especially for less dense battery chemistries like LFP). 

With specific regards to hydrogen, it is relatively more competitive in applications that require a lot of energy 
storage but not much engine performance, since hydrogen has very high energy density, carbon fiber storage tanks 
are relatively cheap, and horsepower from fuel cells is expensive (link). In particular long-haul trucking holds prom-
ise (Nikola may have this right), though the most challenging aspect will be the buildout of the hydrogen 
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distribution network (not so much due to electrolysis costs, but more so due to regional variations in the price of 
power in the case of distributed hydrogen production and hydrogen shipping costs in the case of centralized hydro-
gen production). Legacy pipeline infrastructure will potentially be helpful for network buildout. 

• Nikola appears to favor a decentralized hydrogen production network, and claims they are able to procure 
power very cheaply by tapping into federal transmission lines along highways and committing to a very 
stable rate of purchase.  

o We are not experts on local electricity markets, but do see evidence of industrial customers realiz-
ing cheaper prices than residential customers within a given region (link), so there may be some-
thing to this. Of course there is also considerable variation across regions (California, currently a 
key market for Tesla, is very expensive).  

o It also makes a lot of sense that committing to a stable rate of purchase would be favored by utilities 
and reduce the price of power. This strategy works much better for hydrogen than BEV because 
hydrogen is easier to store when there is a mismatch between power purchase requirements and 
refueling requirements. 

• Hydrogen combustion and/or natural gas vehicles offer similar solutions to hydrogen fuels cells, but avoid 
the fuel cell bottlenecks/costs. Though with combustion emissions become more of an issue (NOx in the 
case of hydrogen, CO2 in the case of natural gas). 

Within a given vehicle class, increasing EV range can be extremely challenging and costly.  

In our rough passenger vehicle model (see next page left), the battery size required grows non-linearly as the battery 
becomes a larger share of the growing total vehicle weight. In our rough semitruck model (see next page right), the 
battery size required grows linearly (but with a very steep slope) as the battery weight gains share within the fixed 
total vehicle weight (fully loaded maximum) at the expense of hauled goods.  

Required battery weight (and volume, and cost, and manufacturing emissions) increases rapidly with range;                
the slope is steeper depending on battery energy density and miles per kwh efficiency 

           
            Source: CSM Research 

• Note that energy density has a dramatic impact on the rate of battery increase required to boost range - 
as does miles per kwh fuel efficiency, which deteriorates as the vehicle becomes heavier in the passenger 
model and remains fixed (at a very low level) in the semitruck model. 

• For example, doubling the range of a sedan from 200 miles to 400 miles at an energy density of ~150 wh/kg 
requires a three-fold increase in battery capacity. The extra ~600 kg of batteries would cost roughly ~$9000 
and generate ~9 metric tons of CO2 emissions (ICE lifecycle emissions are ~35 metric tons). That’s assum-
ing the engineering challenges of increased space requirements for batteries, increased weight on axels, 
etc. could even be dealt with.  
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o It remains to be seen what energy densities Tesla will achieve for its LFP chemistries in China 
(headlines suggest ~150-200 wh/kg, though it can be difficult to disentangle what exactly this re-
fers to in terms of cell vs pack density). We have seen articles suggesting that the LFP models will 
only be available with a smaller batter / shorter range, and the chart above left explains why. 

COVID-19 RECOVERY STIMULUS PACKAGES OUTSIDE THE US LOVE EVS 
Much of the evolution of EVs is driven by government policy. Manufacturers began considering EVs when policy 
began to focus on improving air quality (some of those efforts are decades old and were aimed at reducing smog 
in California through cleaner fuels); and the more so after the energy crises of the 1970s when authorities began 
imposing fleet efficiency requirements, which first reduced the size and weight of cars and much later led to the 
introduction of hybrid drive trains in the 1990s. 

As battery tech improved, China began to incorporate EVs into industrial and national security policy, looking to 
gain an edge for its nascent car-manufacturing sector at a time that global car production was beyond mature, 
saddled with over-capacity and entrenched tall barriers to entry to the conventional ICE technology. Beijing chose 
instead to direct/stimulate/subsidize EV production from the late 1990s -- early 2000s onward.  

Simultaneously it designated large scale battery manufacturing as a key sector supporting twin goals of differenti-
ating its car manufacturing sector from the established global players as well as reducing the pace of its fast growing 
dependence on (imported) oil. 

• To date, China has successfully carved out already large segments of electrified road transport (e.g. e-buses, 
cycles, scooters, and delivery trikes as well as cars). But this has much more to do with industrial and na-
tional security objectives than it does with reducing GHG gas emissions or other climate-change policies 
that go beyond improving local air quality.  

o Witness Beijing’s slow greening of the country’s electric grids – which remains overwhelmingly coal 
dependent; as well as its promoting of coal-fired baseload power all along its ‘Belt and Road Initia-
tive’ (BRI) trading and development alliances.  

Europe’s critical car manufacturing sector was directed to follow suit and turn to EVs in the late naughts and early 
teens of this decade only. That relatively slow turn in directives from Brussels; Berlin and Paris had a number of big 
inputs including: fear of being outflanked by the new Chinese SOEs; concerns about the environment and climate 
change; reducing the volatility and uncertainty coming oil and gas dependence; as well as the failure of its small-
diesel-engine policies of the 1980s and 90s (neatly exposed by the Volkswagen scandal).  

• Europe’s manufacturers are looking to gain a critical edge and scale in the upmarket EV segments, and the 
sector’s infrastructure. 

The Big Three US auto manufacturers have been playing catch up on the EV trend. Here, in the US, developments 
have been driven more by commercial decision making and state-level directives (e.g. California’s CARB) rather than 
strategic-policy directives at a national level – even during the GFC, when Washington “wasted a crisis” and delib-
erately declined to use the sector’s bankruptcy to force a strategic turn to more fuel efficiency and EVs.  

• Some would argue that Tesla’s success, and perhaps eventually that of Nikola, is also a product of that 
uniquely American approach to things.  

o It helps, of course, that the fracking revolution has built out America’s enormous competitive ad-
vantage of abundant fossil fuels and that an EV revolution here would work to disadvantage Amer-
ica’s energy security. 

As with a number of political and economic trends, the Covid-19 pandemic is amplifying/accelerating underlying 
tendencies in the EV-policy realms as well: Since the huge economic recessions caused by the lock-down responses 
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to the pandemics horrific human toll, key governments have doubled down on their EV strategies in countless stim-
ulus and recovery packages.  

At the forefront are Europe’s multilateral and national efforts to stimulate consumer demand for EVs – while per-
haps as importantly foregoing the easier option of simply offering cash-for-clunker type support for conventional 
cars (which was part of govt responses the GFC recessions in Europe and China).  

• Aside from direct consumer stimulus, nearly all of Europe’s powers that be are pushing EV infrastructure 
development – ranging from multiplying charging options to enhancing electrical grids.  

China, (as well as Japan and South Korea) similarly target their EV sectors with government support. In April China 
decided to extend EV subsidies for another two years through 2022 (though at a slightly reduced rate and only for 
very cheap vehicles, link). We expect China will continue with subsidies until cost parity renders them unneces-
sary, but this will be important to monitor. 

India is an exception. Hard hit with the pandemic and without as much economic resilience, Prime Minister Modi’s 
government has not been able to follow through to anything like the extent of Europe or its Asian counterparts on 
plans to further green it’s energy consumption – solar installations are lagging far behind projections, for instance. 
Nor does India have much of a presence in the global car manufacturing competition or is it particularly far along in 
even its conventional transportation-infrastructure build out.  

The United States, in this context as well, is much less driven by national policy. Covid-19 related deflation has 
arguably further reduced the appetite for EVs though plausibly that has much more to do with an overall dearth of 
big-ticket discretionary spending in general. And Washington has just reduced federal fuel-efficiency directives.  

• Much, in other words, hinges on the early November elections. Were there to be a turn toward the Demo-
cratic Party, we’d expect things like more targeted  national environmental policies in general and things 
like higher CO2 emission costs specifically, to favor faster growth of EVs than there’d be in a Trump II ad-
ministration. 
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