
MacDiarmid Institute MacDiarmid InstituteAnnual Report 

2015

Annual Report 

2015

16 17Materials to 
answer the 
energy question

New Zealand’s love of the great outdoors 

may be world-famous, but it is our use of 

renewable energy that really makes us stand 

out internationally. As of the end of 2015, 80% 

of our electricity was generated by renewable 

sources (largely geothermal and hydroelectric), 

leaving us second only to Iceland across all  

OECD countries. And we’re not done yet – at the 

United Nations Conference of Parties (COP21) 

held in Paris in 2015, we committed to increasing 

that proportion to 90% by the year 2025.

Achieving this ambitious target will be a 

challenge, but the cutting-edge research from 

scientists at the MacDiarmid Institute will have  

a role to play, and could transform the way we 

harvest	energy.

Maan Alkaisi and Jeff Tallon
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The coating has two roles — the 
nanopyramids trap sunlight, reducing 

reflections from the surface, and 

the nanoparticles tune the range of 
wavelengths that the panel can capture. 
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Super-stuff

Passing electricity through a wire can produce 

a	 lot	 of	 heat.	While	 this	 can	 be	 useful	 in	 some	
applications	(e.g.	electric	ovens),	in	others,	it	causes	
considerable	energy	 losses.	There	are	a	class	of	
materials called superconductors that can conduct 

electricity	without	losing	heat	energy.	They	used	to	
operate only at -269°C, but 28 years ago work from 

Professor Jeff Tallon and colleagues from Victoria 

University’s Robinson Research 

Institute shifted their operating 

temperature	to	-163°C.	While	
still undoubtedly cold, this 

big temperature jump helped 

to completely revolutionise 

the	field	of	superconductivity	
and has major implications for 

the	 energy	 sector.	 Professor	
Tallon is still a leader in the 

field	today.	In	a	recent	paper	
in Nature Communications, 

he and fellow researcher  

Dr  Evgeny Talantsev 

uncovered a single underlying 

principle common to all superconductors, and 

proved that their fundamental behaviour could 

be described by a single measurement of 

electrical	 current	 density.	 This	 ground-breaking	
result will make it easier to identify materials with 

advantageous	superconducting	properties.

Full of energy

Cables made from superconductors are being 

used in the world’s best particle accelerators, and in 

precision hospital MRI scanners, but it’s their role in 

the	energy	sector	that	is	causing	a	lot	of	excitement.	
Speaking about the efforts of his wider team, 

Professor Tallon said, “We have high-temperature 

superconductor programmes in energy generation, 

storage	and	conversion.	All	of	which	are	hugely	
challenging	projects.	”In	wind	turbines,	replacing	
the bulky copper cabling of the generator with 

resistance-free superconductors would greatly 

reduce	the	weight,	and	boost	its	efficiency.	In	large	
transformers, these materials remove the need to 

use oil as a coolant, hugely reducing the risk of 

accidental	ignition.	The	key	to	their	success	is	the	
vast amount of electrical current superconductors 

can carry, “Take a conductor with the same cross-

section as my thumb, (1 cm2).”	said	Professor	Tallon.	
“One made from copper could carry about 500 

Amps but for high-temperature superconductors, 

it’s more like 30 million Amps!”

A shining example

Arguably, it’s the sun that is our most vital source 

of	energy.	Not	only	does	sunlight	help	plants	and	
crops	to	flourish,	but	by	using	photovoltaic	solar	
panels,	 it	 can	 also	 be	 converted	 into	 electricity.	
When sunlight hits these panels (which are mainly 

made from layers of silicon), it knocks electrons out 

of	position,	causing	them	to	flow	and	contribute	to	
conduction.	Because	only	certain	wavelengths	of	

sunlight have this effect, while 

others	are	either	reflected	off	
the surface or transmitted out 

of the material, solar panels 

are	far	from	100%	efficient.	
But Professor Maan Alkaisi 

at the University of Canterbury 

is using nanotechnology to 

change	 that.	 By	 printing	 a	
pattern of inverted pyramids 

just 300nm tall (that’s 20 

times smaller than a red blood 

cell) on the surface of a solar 

panel, and coating them in 

silicon nanoparticles, he has 

been	 able	 to	 drastically	 improve	 the	 efficiency	
of	 the	panel.	 “For	all	energy	conversion	devices,	
the	challenge	is	always	to	increase	the	efficiency	
while keeping the cost down,” Professor Alkaisi 

said.	“What	we’re	doing	doesn’t	require	expensive	
equipment,	and	it	can	be	scaled	up.”	

Glass ceiling

The coating has two features – the nanopyramids 

and the nanoparticles – each with a specific 

role.	 The	 nanopyramids	 trap	 sunlight,	 reducing	
reflections	from	the	surface,	and	the	nanoparticles	
tune the range of wavelengths that the panel can 

capture.	Together	they	provide	a	thin,	permanent	
structure	that	improves	the	efficiency	of	commercial	
solar	panels	at	a	very	low	cost.	Professor	Alkaisi	has	
also shown that by making a master ‘mould’ of his 

pyramid structure, this coating can be applied to 

other	materials,	such	as	polymers	and	glass.	“My	
vision is to use this to make transparent, building-

integrated	 photovoltaics,”	 he	 said.	 “Imagine	 a	
greenhouse that lets sunlight reach the plants, while 

absorbing some of it to produce electricity for use 

in	irrigation,	lighting	and	ventilation.	For	both	the	
future of food production and energy generation, 

the possibilities are endless!” 

Imagine a greenhouse 

that lets sunlight 

reach the plants, 

while absorbing 

some of it to produce 

electricity for use in 

irrigation, lighting 

and ventilation.

AFM image of the pyramid structures 

on glass substrate, measures 400nm 

base and 310nm height.


