


When it comes to building an electric car, many automakers are opting 
to go with a sports utility vehicle (SUV), a strategy Business Insider 
describes as smart at a time when “demand for smaller sedans is waning 
and electric cars still only make up roughly 1 per cent of auto sales.” 

Once again Tesla is at the forefront with its all-wheel drive Model X. 
Billed as “the safest, quickest and most capable [SUV] in history,” it’s 
not just fast but has ample seating for seven adults (or children) and 
their gear, and a range of 565 kilometres (350+ miles). Moreover, it can be 
customised to suit the specific needs of a particular family. 

Yummy mummies will swoon
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The MD of which Perth-based company plans to ditch his Defender in favour of a Bollinger B1?

Those with the need for even more speed could invest in the all-new, 
four-seater, all-wheel drive, next-generation Tesla Roadster. With three 
electric motors (two in the back and one up front), it’s touted as “the 
quickest car in the world, with record-setting acceleration, range and 
performance”: that’s 0-100 kilometres an hour (62 mph) in 2.1 seconds, 
a top speed of +400 kilometres per hour (250 mph), and a range of an 
outstanding 1,000 kilometres (620 miles). With numbers like that, the 
Roadster looks set to give combustion-engine supercars a real run for 
their money.

The fourth-generation battery-powered 
SmartForTwo electric drive micro car is, at 

~2.6 metres (102 inches) in length, a little 
longer than the original but still remarkably 

tiny. With a range of 160 kilometres (~100 
miles), the focus here is on city driving, 

while the output of its lithium-ion 
battery pack is guaranteed for eight 

years and 100,000 kilometres 
(62,000+ miles). And, while 

it may not suit hilly San 
Francisco, in a metropolis of 

less extreme topography 
it offers, in the words 

of Motoring magazine, 
“terrific tight-street 

practicality.” 

If a no-nonsense, sexy-but-brutal, back-to-basics beast is more your style, you can’t 
go past the Bollinger B1. Touted as the “world’s first all-electric, all-wheel-drive, off/
on road sport utility truck,” it comes in both half- and full-cab versions. The rugged, 
heavy-duty design features a classic, three-box look not dissimilar to that of Land 
Rover’s gritty, timeless Defender series. This one, though, has been developed, 
designed and engineered in upstate New York. Built for – and in – the great outdoors, 
it boasts 360 horsepower and a range of up to 320 kilometres (200 miles). 

And, finally, for the road less paved …

Jaguar, meanwhile, has revealed its I-PACE five-seater 
production model. Available from the second half of this 
year, it’s the company’s first-ever battery-powered vehicle, 
able to accelerate from 0-100 kilometres an hour (62 mph) 
in around 4 seconds and drive 350+ kilometres (220 miles) 
on a single charge. 

Car&Driver describes the Audi E-tron Quattro – and 
the racier e-tron Sportback – as true rivals for Telsa’s 
Model X and “the first from the Volkswagen Group built 
on a new set of battery-electric vehicle components 
developed for both global sale and volume production” 
… which means lots of attention has been paid 
to the durability of the power and drive systems. 
Both versions will be offered in battery sizes that 
correspond to the driving range required. 

At last year’s Frankfurt Motor Show, the BMW Group 
showcased its first purely electric Mini, to go into large-scale 
production in 2019. A variant of the brand’s core three-door 
model and a pillar of its line-up, it will be on the roads 
precisely 60 years after the classic Mini was first launched. 

When size matters

[Photo: Benjamin Zhang/Business Insider.]
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“Where have all the  
batteries gone?

Time keeps passing …
Where have all the  

batteries gone?
Gone to landfill,  
nearly every one!

When will we ever learn?
When will we ever learn?”
~ with apologies to Peter, Paul & Mary
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Overview

 Is recycling the answer?
Every year, more than 40 million tonnes of ‘e-waste’ is 

generated globally but at present only 15 per cent or so finds its 
way back into the system for recycling. 

The science fiction of the previous century 
has become reality in the 21st. Remember 
Maxwell Smart’s ‘shoe phone’, Dick 
Tracy’s wearable-tech, Inspector Gadget’s 
getaway vehicles or, indeed, the Star Trek 
communicator? Of course, recall depends on 
one’s age, but no-one can deny that today 
all of these former fantasies, and more, are 
available in some form or other. 

But concomitant with the surge in the 
supply of – and burgeoning demand for – 
everything from smart and smarter phones 
and thin and thinner laptops/tablets to the 
nimblest of drones, vertical-take-off-and-
landing aircraft and fast and faster electric 
vehicles (not to mention renewable energy 
storage and the like) is the fact that the 
supply of the primary raw materials essential 
to powering these innovations simply cannot 
keep up with demand. 

The dynamics for lithium-ion batteries 
(LIBs) are similar, with global recycling 
rates of less than 10 per cent – and of 
the metals that are recovered, lithium 
lags far behind the rest. 

With the current acute shortage of 
cobalt, and international embargos 
on any such material produced in the 
Congo, demand for this energy metal 
for battery production alone is destined 
to outstrip supply in the foreseeable 
future. And there are growing concerns 
that lithium production too may not 
keep up with demand in years to come. 

So, why are LIB recycling rates in 
particular so low? A major reason, of 
course, is that we’ve become a society 
of consumers, living in the moment 
with little thought or concern for how 
our behaviour affects the planet now  
or in the future. This disposable 
lifestyle is fuelled by ever-decreasing 
prices for portable electronic items 
deemed desirable, not to mention their 
built-in obsolescence. Neither creates 
much incentive to recycle what’s 
no longer considered useful … guilty 
consciences aside (and also in short 
supply). For the vast majority, it’s easier 
to dump devices past their use-by-date 
into the rubbish that goes to landfill, 
including the LIBs that power them 
(see The Power of 3, issues 5 & 6).

Recycling International discusses a  
new analysis by Creation Inn, a London-
based business development

consultancy with expertise in energy 
storage and circular economy:

The total volume of recycled lithium 
could reach 5,800 tonnes – or 30,000 
tonnes lithium carbonate equivalent 
(LCE) – in 2025... 

That’s just 9 per cent of the world’s 
total supply of LIBs. While the outlook 
for cobalt is somewhat better – it’s 
anticipated that 22,500 tonnes from 
recycled batteries will reach global 
markets in 2025 – the recycling  
volumes for both lithium and cobalt  
will still be relatively low.

Long service lives [of the batteries], 
positive prospects for second use 
and poor collection of portable 
batteries are said to be the main 
reasons behind this...

Another is the recycling technology 
itself. At present, only a handful of 
countries, among them South Korea 
and China in particular, are researching 
and developing the ability to recycle 
many of the materials found in e-waste 
(including LIBs). Even here, though, 
lithium, one of the elements most 
critical to powering electronic devices 
and electric vehicles, is recovered 
at very low rates. The issue lies in 
smelting the complex metal mixes 
emanating from e-waste and batteries 
before their recovery and refining. 
Because lithium is volatile, it ends up 
in flux or discharges as unrecoverable 
vapour. But that may be about to 
change. 
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Again, China leads the world
Creation Inn suggests that, of the 9 per cent of lithium expected to  
be recycled globally mid the next decade, more then 66 per cent  
(191,000 tonnes) of that will be in China, which is seeking to fuel its  
rapidly expanding battery-material industry (see The Power of 3, issue 19). 

In China too, recycling of batteries containing cobalt is expected to result in a  
76 per cent recovery rate for that element by 2025.

But, while the Chinese labour to ensure sustainability nationally, the country’s 
recent ban on importing many categories of solid waste has exacerbated the 
recycling dilemma for Europe and America, two of the fastest growing  
markets for LIBs outside of Asia. This makes it imperative that the rest  
of the globe recognises the value in used batteries and a new industry is 
established in the western world. 
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Which Perth-based company plans to combine LIB recycling with the re-birthing of battery cathodes?

And finally … Speaking of autonomous delivery vehicles, check out this 
cutie. Built of ultra-light materials, about half the width of a normal car, designed 
to travel on roads like other vehicles, and destined for neighbourhood use only, Nuro 
(the vehicle) is the brainchild of Dave Ferguson and Jiajun Zhu, formerly principal 
engineers with Google’s self-driving car project. Other team members hail from the 
likes of Apple, Uber, Tesla and GM, so Nuro (the company) boasts sound credentials. 

Closing the loop on the 
energy-metal cycle
Creating a new industry to recycle 
energy metals requires more than 
merely regenerating metals from 
e-waste and LIBs. What’s needed 
is a comprehensive sustainability 
plan that includes re-birthing the 
products from which those energy 
metals were recovered. 

In the case of LIBs, the ultimate 
circular economy could be realised 
via the use of hydrometallurgical 
techniques that generate complex 
metal solutions – from which battery 
cathode materials can be directly 
precipitated. Unlike commonly used 
pyrometallurgical processes (in which 
high temperatures are used to extract 
and purify metals), hydrometallurgical 
processes (involving the use of 
aqueous chemistry instead) can 
recover lithium as well as other 
strategic metals from recycled and 
residual materials.

Saving LIBs, and hence lithium 
and cobalt, from landfill will vastly 
improve the sustainability of these 
two elements in the supply chain, 
and in so doing quash the greatest 
threat to continued production of 
smart phones, tablets, EVs et al. 
It will also promote despatch of 
these new and desirable devices via 
drones, Uber-copters and various 
autonomous delivery vehicles.China has long been a dumping ground for the world’s waste [photo courtesy of PhysOrg].
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Other small-ish companies 
touting drone deliveries include 
Californian-based Matternet, 
whose vehicles share the same 
airspace as emergency helicopters 
and constantly broadcast their 
location as they move blood and 
other medical resources between 
hospitals in urban parts of 
Switzerland. Recently, Matternet 
and e-commerce start-up siroop 
teamed with Daimler’s Mercedes 
Benz to test the latter’s van-based 
drone delivery concept in Zurich. 
Matternet plans to expand into the 
rest of Europe, the US and Japan.

Further afield in Rwanda and 
Tanzania, Zipline (also California-
based) drone-delivers vital medical 
supplies to health workers in 
remote locations. Orders are sent 
by text, prepared by the company 
and dropped by parachute in a 
matter of minutes, with workers 
kept in the loop throughout.  
This week, Zipline unveiled “the 
fastest commercial delivery drone 
on Earth,” capable of flying at  
up to 128 kilometres per hour  
(80 mph), and it has plans for  
a pilot programme in the US. 

       Flyver.co is a drone software 
company producing aerial 

solutions for industry.  
It maintains that, with 
a combination of 
autonomous drones  
and cloud software,  
any business can deliver 
straight to their clients’ 
doorsteps. Apparently, 
the challenge is all in  
the code. 

“We’re finally in the future/There’s a new bird in the sky/Watching from above/ 
with an electronic eye/I finally have the feeling/that there’s nothing we can’t do …”

~ with apologies to DJ Earworm
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Overview
Drones (unmanned flying robots) 
– some as large as airliners, 
some as small as pigeons – have 
been both lauded and maligned 
as agents of subterfuge and 
destruction, deployed by the 
military to spy on and strike at 
‘enemy’ targets.

Today, of course, compact drones 
are ubiquitous. Not only are 
they getting smaller but also 
cheaper and easier to operate 
and, as is the case for many 
devices with wide appeal, the 
potential for misadventure and 
misuse (collisions with aircraft, 
infrastructure and individuals, the 
performance of malicious acts) is 
escalating as regulations on their 
use are finalised. (Sadly, in Russia 
the test flight of a mail delivery 
drone ended prematurely when it 
crashed into a building.) That said, 
the positives of adapting such 
innovative technology to myriad 
private, public and commercial 
ends are readily apparent. 

As global insurance giant agcs.
allianz.com reports, drones are 
becoming mainstream across the 
globe and within many industries. 
They can be used to perform 
menial or dangerous tasks, help 
problem-solve and overcome 
challenges and enhance the 
safety of thousands of workers 
every year while significantly 
reducing costs. Drones are 
ideal for industrial inspections, 
aerial photography (including 
cinematic shots), crop surveys, 
goods delivery in far-flung 
regions and situations involving 
emergency personnel, right down 
to dispensing fast food in the 
outback.

And, yes, drones-for-hire is a 
‘thing’ now too.

Project Wing trials 
fast-food delivery 
in the outback.

Up, up and away – drones are 
shaping the future

Delivery by drone 
Companies large and small are 
investing in drone delivery,  
not least Amazon, UPS, 
Walmart and Domino’s, while  
a plethora of start-ups have 
the same thing in mind. 

New kids on 
the block …
In 2016 Australian start-up Flirty, 
based in Nevada, executed the 
first instant drone delivery in the 
US under the watchful eye of the 
Federal Aviation Authority. In so 
doing, it pre-empted the big guns 
throwing money at the same 
technology. 

Flirty set its sights on markets  
for humanitarian relief, online  
retail and food delivery, practising  
in Australia and New Zealand, 
where it teamed with Domino’s 
to deliver the world’s first ‘pizza 
by drone’. Before anyone gets too 
excited though, Domino’s admits 
the concept has a way to go, 
especially in the Antipodes. 

Generally, civilian 
aviation authorities 
regulate the operation 
of drones over a certain 
weight, particularly for 
commercial applications 
… unlike in the Ukraine, 
where unmanned aerial 
vehicles abound but no 
meaningful attempt at 
control has been made. 

Despite the advances of 
the Digital Age, it seems 
though that more future 
proofing is required 
before unmanned aerial 
vehicles are as common 
as the delivery vans and 
trucks on our roads. 
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Which Perth-based company is supply-chain planning for the Digital Age?

And finally … Ever left your keys at work (or somewhere far more 
inconvenient) and had to drive or take public transport to retrieve them? That’s 
where UK-based Bizzby SKY’s “mobile-first, on-demand drone delivery” can help. 
An app-summoned service that went live in London three years ago, it uses ‘drone 
highways’ to deliver objects like keys or products such as medication almost instantly 
within the city. Bring it on in Oz! 

Now for the big guns …
Global e-commerce giant Amazon also  
has grand plans for drone deliveries. Mindful 
of safety considerations, it’s lodged patent 
applications for, among other things, drone 
docking stations, safety parachutes within  
the shipping labels and flying warehouses 
from which the craft can be deployed.

Its latest patent application is for 
drones that disintegrate if there’s 
a problem, spreading the load of 
metal and plastic showering down on 
unfortunate passers-by. While trials are 
currently underway, legal considerations 
mean the concept may not take flight 
for some time yet. Amazon was, 
however, recently granted a patent 
for delivery drones that incorporate 
not just a flight controller but also a 
‘fragmentation controller’ that dictates 
when certain parts can be broken 
off and released in the event of an 
operational emergency. 

Meanwhile Alphabet, Google’s parent 
company – also with drone delivery 
as one of its core goals – has been 
testing its Project Wing autonomous 
hybrid drone delivery initiative in the 
Australian Capital Territory. There, 
according to project co-leader James 
Ryan Burgess, the size of estates and 
housing lots allows flying and delivery 
in areas not overly populated and 
where residents interested in new 
technology and innovation are willing 
to provide vital feedback. 

Unlike traditional quadcopters, says 
The Guardian, Alphabet’s Project Wing 
drones incorporate the best aspects of 
fixed-wing aircraft and classic rotary-
wing drones, in that they’re able to 
travel long distances at high speeds 
with comparatively little power and can 
take off and land without a runway, as 
well as hover in place.

Last month another US retail colossus, 
Walmart, published a patent, filed in 
2017, to create a system of drones that 
can assist its customers with price 
verification and locate products for 
them within its stores. According to the 
patent, Walmart drones will be fitted 
with sensors to avoid collisions with 
other drones, objects within the store 
and, of course, customers. 

Walmart also wants a patent for drone 
technology that not only pollinates and 
monitors crops but sprays insecticides 
as well. In light of bee colony collapse 
disorder and crashes in bird and insect 
populations globally in recent times, 
not to mention the much-opposed 
Bayer-Monsanto merger, this could  
be seen as ominously prescient.

Catch it
while you can
Among Japanese company Prodrone’s 
‘revolutionary drones for professionals’ 
is the weatherproof PD6B-AW-ARM. 
Incorporating two remote-controlled 
robotic arms, it can attach or join 
things, cut cables, turn dials, flick 
switches, drop life-saving equipment, 
move cargo to out-of-the-way 
areas and so on. Able to grasp, carry 
and release a payload of up to 10 
kilograms, it can even perch on railings.
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US engineer Eric Drexler first coined 
the term ‘nanotechnology’ in the 
1980s. His vision of ‘molecular 
manufacturing’ – a sea of self-
replicating nanobots moving 
molecules so quickly and positioning 
them so precisely that they could 
produce almost any substance from 
ordinary ingredients in a matter of 
hours – inspired a generation of 
chemists, computer scientists and 
engineers to start thinking small. 
(Drexler also hypothesised the 
doomsday scenario of ‘grey goo’, 
whereby those self-replicating bots 
consume Earth’s entire biomass while 
building more of themselves.)

Fantasies aside though, what is 
nanotechnology?

The American Heritage® Science 
Dictionary describes it as “the 
science and technology of precisely 
manipulating the structure of matter 
at the molecular level. The term … 
embraces many different fields and 
specialities … but all are concerned 
with bringing existing technologies 
down to a very small scale, measured 
in nanometres. A nanometre [nm] –  
a billionth of a metre – is about the 
size of six carbon atoms in a row … “

From The Foresight Institute: 
“Nanotechnology is the study of 
phenomena and fine-tuning of 
materials at atomic, molecular 
and macromolecular scales, where 
properties differ significantly from 
those at a larger scale.”

Most importantly, Thomas Theis of 
the IBM Watson Research Centre 
describes it as “an upcoming 
economic, business and social 
phenomenon [that some say] will 
revolutionise the way we live, work 
and communicate.” 

“Despite unprecedented government 
funding and public interest,” avers 
IopScience however, “few can 
accurately define [its] scope, range  
or potential applications.” 

Nanotechnology now

To give an idea of scale, consider the following: 
> a strand of human DNA is 2.5 nm in diameter; 

> there are 25,400,000 nm in an inch 
(2.54 centimetres); 

> a human hair is around 80,000-100,000 nm wide; 

> one gold atom is about a third of one nm in 
diameter, and 

> a human fingernail grows around one nm a 
second.

Even the best compound microscopes cannot 
resolve parts of a specimen that are closer 
together than about 200 nm, so nanoscience 
involves considerable ingenuity. Tools and 
instruments – the hardware, software and 
supplies – used to measure and manipulate 
structures on the nanoscale include 
microscopes, probes, lithography systems, 
manipulation and fabrication systems, 
software and other accessories. In essence, 
though, nanotechnology is nothing more than 
the most fundamental understanding of how 
nature works at the atomic scale.

Science fiction, of course, has led the world 
to expect a great deal more: miniature body-
probing robots and miniscule submarines; 
tiny cogs and gears created from atoms; 
carbon-nanotube space elevators; weather 
machines – even interplanetary exploration 
and habitation. Only time will tell …

Meanwhile, in the real world nanoscience  
has generated a plethora of new industries 
and delivered innovations in a range of 
others, including: 

Cells crawling across ceramic crystals [credit: Karin Hing, courtesy of the Wellcome Collection].

Gold nanoparticles coated with a cancer antibody that binds 
to tumour cells to aid in diagnosis and treatment [credit: 
Annie Cavanagh, courtesy of the Wellcome Collection].

While getting a handle on 
nanotechnology may not be 
easy, for decades scientists have 
been working at the nanoscale 
courtesy of electron microscopy, 
scanning probe microscopies and 
similar technologies that can 
now ‘see’ with a resolution down 
to the scale of a single atom.

‘The mysteries of  
the universe involve  

size, not time’ 
(to paraphrase Stephen King)

PARTONE

Size matters – the intriguing 
world of nanotechnology

> quantum dots 
> medicine and 

healthcare;
> computing;
> telecommunicxations; 
> sensor technology;
> petroleum refining; 
> automobiles; 
> lightweighting of 

vehicles; 
> tires;
> coatings; 

> personal-care products 
(including sunscreens); 

> smart and 
antibacterial fabrics; 

> household products; 
> packaging;
> construction and 

mining; 
> environmental 

remediation; 
> desalination; 
> solar cells, 
and more. 
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Which Perth-based company  will use nanotechnology to help close the ‘energy-metal’ loop?

And finally … Microbiomes are communities of microorganisms that exist 
almost everywhere on Earth and influence how plants and animals (including humans) 
interact with their environments. One new and exciting area of health research 
involves investigating the holistic effect of the gut microbiome on the human body. 
As so often happens, scientific insights follow on technological development – in this 
case, advances in nanoscience focused on DNA research. Scientists now know that 
the human gut microbiome plays a role in a whole range of moods, behaviours and 
illnesses, among them anger, depression, PTSD, obesity, high blood pressure, colon 
cancer, multiple sclerosis, Alzheimer’s disease … the list goes on. While studies are 
ongoing, it’s becoming increasingly evident that a wholesome diet, lack of disruption 
to circadian rhythms and adequate exercise all play a role in keeping people well. The 
adage ‘You are what you eat’ (and how you sleep and play) has never rung so true.

Part of the answer lies in more efficient reservoirs of energy 
– new generations of battery materials that fulfil the needs 
of end-users – and the most promising of those will involve 
nanotechnology, which has the potential to:

> improve safety through the creation of less flammable 
battery materials; 

> enhance a battery’s available power and lessen charging 
time by coating the surface of the electrode with 
nanoparticles; 

> increase the surface area of a battery’s electrode and in so 
doing facilitate the flow of current between the electrode 
and the chemicals within that battery; 

> improve energy density (charge per unit volume) by 
packing more material into battery electrodes; 

> enhance the electrochemical properties of electrodes by 
doping them with trace metals on a molecular scale, and

> improve battery shelf life by using nanomaterials to 
separate the liquids and solids within, thereby eliminating 
the low-level discharge common to conventional batteries.

In summary, and despite the doomsayers, nanoscience and 
nanotechnology involve exciting interchanges across a range 
of disciplines working at the tiniest of scales. Together, they 
represent a new and expanding frontier with great promise 
for improvements in quality of life, including new treatments 
for disease, greater efficacy in computer data storage and 
processing, and ever more efficient energy storage and use.

Crystals of a DNA repair protein bound to DNA  
[credit: Bernard O’Hara & Renos Savva, courtesy of the Wellcome Collection].

Beneficial gut bacteria [credit: Darryl Leja, National Human Genome Research Institute, National Institutes of Health].

Can nanotechnology 
green the planet?
Today, many concede that one of the most pressing 
problems facing Earth is global warming. It’s impelling 
many countries to relinquish their dependence on fossil 
fuels and embrace cleaner forms of transport, as well as 
renewable sources of power and storage mechanisms for 
the energy they produce – which, as outlined in previous 
issues of The Power of 3, has led to burgeoning demand 
for and manufacture of rechargeable lithium-ion batteries. 
The result? Even more pressure on the planet’s already 
depleted resources, plus the potential to create massive 
environmental headaches in terms of end-of-use disposal.
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Climate change
According to New Atlas, US scientists can convert 
atmospheric carbon dioxide (CO2) into high-yield carbon 
nanofibres (at low energy) for use in anything from 
bulletproof vests and artificial muscles to wind-turbine 
blades and commercial airliners. Scaling up their operation 
to cover an area of less than 10% of the Sahara Desert 
would, the researchers claim, cut the concentration of CO2 
in the atmosphere to pre-industrial levels within a decade 
– supplying materials for manufacturing in the process.
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Overview
As noted in The Power of 3 issue 23,  
nanotechnology has delivered (or  
promises to) on some of the wilder  
concepts in 20th century science  
fiction. Consider, for instance, the  
following.

> Buckypaper, made from millions of  
carbon nanotubes, is ten times lighter  
and can be 500 times stronger than steel.

> Energy from heartbeats can now be harnessed and 
built into fabrics, meaning clothes could soon be 
recharging portable devices.

> Nanofibres injected into mice with paralysed limbs 
have facilitated the regeneration of lost or damaged 
cells, allowing the limbs to be used again.

> Bullet- and knife-proof business suits made of carbon 
nanotubes (shaped with a saw) retail for US$20,000.

> At extreme temperatures, nanotube sheets cause 
light to bend away from objects so they ‘disappear’, 
creating potential for a ‘cloak of invisibility’. 

With nanotechnology the possibilities, it seems, are 
endless … 

In the pursuit of higher energy densities, lower costs, and 
longer life, nanotechnology is regularly employed to create 
new materials and processes ... A wonderful example is the 
commercialisation of the lithium iron phosphate cathode, which 
functions as a high power material only in a nanophase form, 
clearly demonstrating the benefit of nanotechnology.1

Some surmise that oil companies 
could pipe or pump (or deliver in 
tankers) electricity as a nanofluid 
using existing infrastructure, just  
as petrol is distributed today.2 

While interest in proposals like this 
continues to grow, the ubiquitous 
lithium-ion battery (LIB) is also 
undergoing many transitions, with 
nanotechnology supporting ever-
improving performance. 

The electric vehicle (EV) industry 
offers a great example of how 
rapidly things can change. In 
just a few short decades, EVs 
have progressed from employing 
macro-technologies (like towing a 
trailer load of lead-acid batteries 
to achieve the required range) to 
being powered by LIBs, thanks to 
the development of nanopowders 
that enable those batteries 
to outperform their lead-acid 
predecessors by an order of 
magnitude – making today’s self-
contained EVs a reality. 

Meanwhile, the use of graphene 
nanotubes in LIB anodes is hailed 
as a means of improving their 
performance. Although the addition 
of silicon and lithium metal in the 
anode may also yield much higher 
energy densities, such advances are 
never simple. Silicon, for example, 
coordinates with far more lithium 

atoms than carbon and should 
therefore be ideal as a cathode 
material. However, the large quantity 
of lithium that silicon can consume 
creates a problem, in that the 
silicon in the anode expands and 
contracts by up to 400% on charge 
and discharge cycles. This puts 
immense strain on the cathode and 
results, ultimately, in degradation. 
The solution? Nanotechnology! 
Incorporating the silicon as 
nanowires or encapsulated particles 
– like the yolk within an egg – allows 
its electrochemical advantages to be 
exploited while negating many of its 
disadvantages. 

Also on the drawing board is a 
cheap, non-toxic LIB with sand 
rather than graphite in the anode. 
Purifying the sand, powdering it, 
grinding it with salt and magnesium 
and then heating it to remove 
oxygen produces porous ‘pure’ 
silicon, which unlike normal nano-
silicon not only degrades slowly but 
is also easier to produce in large 
quantities. While still in the R&D 
stage, the Sand Battery is said to 
perform three times better than 
current types of LIB.

High-yield nanofibres produced from atmospheric CO2.
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Overview
US engineer Eric Drexler first coined 
the term ‘nanotechnology’ in the 1980s. His vision of ‘molecular manufacturing’ – a sea of self-replicating nanobots moving molecules so quickly and positioning 

them so precisely that they could produce almost any substance from 
ordinary ingredients in a matter of hours – inspired a generation of chemists, computer scientists and engineers to start thinking small. (Drexler also hypothesised the doomsday scenario of ‘grey goo’, whereby those self-replicating bots 

consume Earth’s entire biomass while 
building more of themselves.)Fantasies aside though, what is nanotechnology?

The American Heritage® Science Dictionary describes it as “the science and technology of precisely 
manipulating the structure of matter 
at the molecular level. The term … embraces many different fields and 

specialities … but all are concerned 
with bringing existing technologies 
down to a very small scale, measured 
in nanometres. A nanometre [nm] –  
a billionth of a metre – is about the 
size of six carbon atoms in a row … “From The Foresight Institute: “Nanotechnology is the study of phenomena and fine-tuning of materials at atomic, molecular and macromolecular scales, where properties differ significantly from those at a larger scale.”

Most importantly, Thomas Theis of 
the IBM Watson Research Centre describes it as “an upcoming economic, business and social phenomenon [that some say] will revolutionise the way we live, work 

and communicate.” 
“Despite unprecedented government 
funding and public interest,” avers IopScience however, “few can accurately define [its] scope, range  

or potential applications.” 

Nanotechnology now

To give an idea of scale, consider the following: 
> a strand of human DNA is 2.5 nm in diameter; 
> there are 25,400,000 nm in an inch (2.54 centimetres); > a human hair is around 80,000-100,000 nm wide; 

> one gold atom is about a third of one nm in 
diameter, and 

> a human fingernail grows around one nm a 
second.

Even the best compound microscopes cannot 
resolve parts of a specimen that are closer 
together than about 200 nm, so nanoscience 
involves considerable ingenuity. Tools and 
instruments – the hardware, software and 
supplies – used to measure and manipulate 
structures on the nanoscale include 
microscopes, probes, lithography systems, 
manipulation and fabrication systems, 
software and other accessories. In essence, 
though, nanotechnology is nothing more than 
the most fundamental understanding of how 
nature works at the atomic scale.Science fiction, of course, has led the world 

to expect a great deal more: miniature body-
probing robots and miniscule submarines; 
tiny cogs and gears created from atoms; 
carbon-nanotube space elevators; weather 
machines – even interplanetary exploration 
and habitation. Only time will tell …

Meanwhile, in the real world nanoscience  
has generated a plethora of new industries 
and delivered innovations in a range of 
others, including: 

Cells crawling across ceramic crystals [credit: Karin Hing, courtesy of the Wellcome Collection].

Gold nanoparticles coated with a cancer antibody that binds 

to tumour cells to aid in diagnosis and treatment [credit: 

Annie Cavanagh, courtesy of the Wellcome Collection].

While getting a handle on nanotechnology may not be easy, for decades scientists have been working at the nanoscale courtesy of electron microscopy, scanning probe microscopies and similar technologies that can now ‘see’ with a resolution down to the scale of a single atom.

‘The mysteries of  the universe involve  size, not time’ (to paraphrase Stephen King)
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> quantum dots > medicine and healthcare;
> computing;
> telecommunicxations; > sensor technology;> petroleum refining; > automobiles; > lightweighting of vehicles; 

> tires;
> coatings; 

> personal-care products (including sunscreens); > smart and 
antibacterial fabrics; > household products; > packaging;

> construction and mining; 
> environmental remediation; > desalination; > solar cells, 

and more. 
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Which Perth-based company is generating advanced cathode powders directly from solution?

And finally … New Atlas reports that Nawa 
Technologies, a French startup, is working on a new 
type of battery using carbon nanotube ultra-capacitors 
to produce “crazy-fast charging [while saving] a ton of 
weight” and adding significant power output. Unlocking 
its full potential in the EV space, however, means 
combining it with a lithium battery for maximum range 
and energy storage.

PART
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Another innovation, the StoreDot charger, comes courtesy of the 
nanotechnology department at Tel Aviv University. It uses biological 
semiconductors made from peptides (the building blocks of 
proteins) to recharge a smart phone in 60 seconds. An EV battery 
that charges in five minutes and offers a range of 300 miles 
(480+ kilometres) is also in the works.

With the blue battery concept, meanwhile, molecular sieves 
decompose water into both hydrogen ions and hydroxyl ions 
for charging, with those ions then recombining to form water as 
the battery discharges. The technology required to control the 
molecular movements is not dissimilar to the reverse-osmosis 

equipment commonly used to remove salts from domestic water 
supplies. The concept is compelling in that it utilises active materials 

from the ocean to produce rechargeable batteries and can store 
energy for use when the wind doesn’t blow and the sun doesn’t shine. 

A pilot project has been underway since November in The Netherlands; 
however, the system still has some way to go before commercialisation. 

NOTES
1 Bruce Dunne et al 2013 Nanotechnology 24 420201.
2  John Katsoudas, Nano-liquid batteries: https://www.youtube.com/

watch?v=YZuYnX3IQSQ
3  Atomic layer deposition (ALD) is a technique capable of depositing a variety 

of thin film materials from the vapour phase. ALD has shown great promise in 
emerging semiconductor and energy conversion technologies. 

4  In a flow-cell battery, energy is produced by two chemical components 
dissolved in liquid and separated by a membrane.

Also getting the nano-treatment are flow-cell batteries4, which are usually 
pretty large! Bi-ION is the liquid energy carrier for the nanoFlowcell®, an 
extremely compact version of the technology with output scaleable for 
various applications. Said to be cost-effective, eco-friendly, sustainable and 
safe, its manufacturers aver that this innovation will produce “the electricity 
of tomorrow,” surpassing all currently available battery technologies for static 
and mobile applications.

Conclusion
Presented above are just a few leading-edge transformations in energy 
storage achieved thanks to nanotechnology. Major innovations aside, much 
can also be gained by manipulating the particle sizes within the cathodes 
of existing LIBs. The Goldilocks formula applies here: the particles should be 
neither too big nor too small, porous enough for the lithium ions to move 
through freely but with a surface area small enough to prevent unwanted 
reactions between the cathode and the electrolyte. While the parameters 
vary for each type of battery chemistry – and there is no ‘one size fits all’ – 
nanotechnology is hard at work here too. 

The Energy Revolution (cont.)

Another issue with some LIBs (NCM compositions in 
particular) is the propensity of the cathode to react 
with the electrolyte. This dramatically shortens battery 
life. Again, though, the problem can be overcome with 
nanotechnology: today, particles with a graduated 
composition can be produced, the nanoparticles in 
the cathode powder having a nickel-rich core and a 
manganese-rich rim. (Ni = nickel; Mn = manganese in the 
diagram above). The nickel improves battery capacity but 
cannot react dangerously with the electrolyte, while the 
manganese improves the safety of the material by forming 
the front line of defence. Further, atomic layer deposition3 
can be used to develop a protective coating that permits 
the passage of lithium ions but prevents the electrolyte 
penetrating and degrading the cathode particles. 

Inside
Ni-rich composition: 

high capacity

Surface
Mn-rich composition: 
high thermal stability

Dista
nce (um) 

Ni

Co
Mn

At
om

ic
 ra

ti
o 

(%
)

Full gradient composition
Gradual Ni decrease and Mn increase 

from inner part to outer part of a particle

http://lithium-au.com
mailto:info%40lithium-au.com?subject=The%20power%20of%203
https://twitter.com/lithiumaus
https://www.linkedin.com/company/cobre-montana-nl?trk=tyah&trkInfo=tas%3Acobre+montana
http://lithium-au.com
https://newatlas.com/nawa-technologies-carbon-ultra-capacitor/54972/?utm_medium=email&utm_campaign=2018-06-12%20002016%20Australia%20Daily%20Plus%202018-06-12%20002644%20Ultra-capacitor%20hybrid%20radically%20boosts%20power%20and%20efficiency%20of%20lithium%20batteries&utm_content=2018-06-12%20002016%20Australia%20Daily%20Plus%202018-06-12%20002644%20Ultra-capacitor%20hybrid%20radically%20boosts%20power%20and%20efficiency%20of%20lithium%20batteries+CID_242e62a7e89be19174d361a93c81d513&utm_source=Campaign%20Monitor&utm_term=Read%20more
https://www.store-dot.com
https://www.youtube.com/watch?v=ULtGWCalIYg
https://www.nanoflowcell.com/what-we-do/innovation-research/bi-ion/



