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Today, a journey through the sustainability 
landscape….

• A big picture reminder…..

• What’s needed….closer to home

• Opportunities & optimism
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UN sustainable development goals are 
defined in terms of.....
Economic growth 
Social inclusion 
Environmental protection

Climate change, effect management & Net Zero
Biodiversity support 

The Big Picture



It’s easy to be very concerned

• 1900     45 billion tonnes

• 2000 1000 gigatonnes

• 2020 1700 gigatonnes

“The greenhouse effect has been detected 

and is changing our climate”

James Henson (NASA, 1988) 



What is the science of the greenhouse effect ? 

It’s all about vibration !



Fashion….

• By 2030, global apparel consumption up by 63% & will use 35% 

more land for fibre production

• The industry produces 8-10% 

of global CO2 emissions !

• Responsible for ~20% of industrial water pollution…

• ~35% (190,000 tonnes per year) of oceanic primary microplastic 

pollution & vast textile waste (>92 million tonnes pa), 

Why we are at the heart of all this…….



Aviation…..

• Global passenger numbers will almost double by 

2037, reaching 8.2 billion annually.

• Over 37,000 new aircraft

• valued at $5.8 trillion are 

required over 20 years.

• Doubling of the world’s 

passenger fleet to more than 48,000 aircraft.

And another example…….



Cryptocurrency…..
• Global energy consumption is uncontrolled and out 

of control……..Best guess ? Bitcoin = Netherlands

And an example of unregulated growth ?



But there is more…….

The “great acceleration”

• Global Consumption…

• Where is it going ? 

• Over the next 10 years ? 

• Even more unregulated resource usage

• Is it happening ? How ?

Chemistry, engineering & technology are slap bang at the heart of this !! 
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By 2030, the global middle class 
will reach 4.8 billion people 
Over 50% of the global population

They are the “consumer class”……..
Purchasing power ?

$42 trillion 2020
$62 trillion 2030

Source: Brookings Institute (2023)

Our fast-changing world…..  



Chemistry is at the heart of 
consumption



Where do we start…………….



The chemistry problem

• Chemicals, including petrochemicals, create 3.6% of global 

emissions (these are energy-related emissions from the product 

manufacturing (fertilizers, pharmaceuticals etc.)

• Another 5.2% greenhouse gases produced as a by-product from 

fossil fuel derived chemical processes (ammonia etc….)….and in 

production of cement (at 3%). 

• There is low reuse/recycling rates & much waste eg….. 

70 per cent of nitrogen input in fertiliser is not taken up by crops 

Only ~10% of plastic ever created has been recycled.

• And consumption grows…….



Cleaning the world………

•



The world’s future depends on what you wear…….

•



Shall we paint the kitchen ?

•



Or buy an electric car ?

•



The clue is in the name…….”rare earths”

•



So, what are chemists doing about this?

•



An innovation definition.....

“Matching what’s possible with what’s needed
to create economic value or social good......
or both……..”
Without depleting the planet’s resources…… 



So, the challenge of “what’s needed” is clear
But there are plenty of levers to pull in terms of 
“what’s possible”……..

• Technology

• Circularity……a must.

• Proper systems thinking & partnership for action 

• Incentivised investment.

“S&P Global Commodity Insights analysis suggests a $25 trillion 

cumulative funding gap between forecast spending 

and the investment needed to achieve net-zero by 2050.”



Technology Directions… H2 and NH3



Technology Directions…plastic replacements



Technology Directions…asphalt/cement low 
carbon alternatives…….



Lessons from the Royal Society of Chemistry 

industry task force 



Good news, we nearly always get predictions of 
the pace of innovative change wrong....

Genome sequencing

ECG hardware (reduced from $15K to $1K in five years) 

Drones (a $17 toy drone today uses a gyro costing around $100K ten years ago)  

Solar power efficiency

People and regulatory pressure…...



Finally, finally, it’s never easy.......

“It is far better to dare mighty things, to win 

glorious triumphs, even though checkered 

by failure... than to be one of those poor 

spirits who neither enjoy nor suffer much, 

because they live in a gray twilight that 

knows not victory nor defeat.”

Theodore Roosevelt (1858-1919)
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Thank you !
roy.sandbach@ncl.ac.uk

@profRoys

mailto:roy.sandbach@ncl.ac.uk
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