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CONTEXT  

ɈWe need a race to develop AI for good. To develop AI that is reliable and 

safe and that can end poverty, banish hunger, cure cancer, and supercharge 

climate action. AI that propels us towards the Sustainable Development 

Goals. That is the race we need, and that is a race that is possible and 

achievable.ɉ  

 

Ɉϥ have been following the development of Aϥ for some timeɎBut like 

everyone here, I have been shocked and impressed by the newest form of 

AI, generative AI, which is a radical advance in its capabilities. The speed and 

reach of this new technology in all i ts forms are utterly unprecedented  Ɏ 

It is clear that AI will have an impact on every area of our lives ɀ including the 

three pillars of the United Nations. It has the potential to turbocharge global 

development, from monitoring the climate crisis to breakthroughs in medical 

research. It offers new potential to realize human rights, particularly to 

health and education.  

But the High Commissioner for Human Rights has expressed alarm over 

evidence that AI can amplify bias, reinforce discrimination, and enable new 

levels of authoritarian surveillance  Ɏ 

We must work together for AI that bridges social, digital, and economic 

divides, not one that pushes us further apart. I urge you to join forces and 

build trust for peace and security. ɉ 

 

Antonio Guterres  

United Nations Secretary General i 
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FOREWORD  
My name is Custodia.  

I am from Brazil, and I came to Portugal three years ago. I cried a lot then and wanted to return to 

Brazil because I had to leave my children and grandchildren there, and my mother. I came to 

Portugal to build a better life for them but  leaving them was so sad.  

I work as a maid here in Cascais, and after working for a year, I had enough money to bring my 

children and grandchildren over, my mother is still in Brazil unfortunately. TheyɅve all got jobs and 

now we are all here, and I am happy. 

I have three children here and five 

grandchildren. One of my sons works at 

the casino in the night and in a restaurant 

during the day, and the other at the bus 

station, and my daughter works as a maid. 

My grandchildren go to school, but they 

will start working soon.   

Life in Cascais in Portugal is generally 

good. But I live in a neighborhood  that is 

unsafe at night, and that makes it difficult 

to work in the evenings which of course 

has consequences on my financial 

situation, but at least I can travel safely 

using Uber when necessary. And it is difficult to earn enough income to pay rent, which is 

expensive here.  

From what I understand, Portugal is generally cheaper than other countries ɀ but shops and 

other establishments here in Portugal have started to take advantage of that. As rent is very 

expensive now, itɅs impossible to afford if you only have one member of the family working. If I 

could have some help from government institution or charities it would make things more 

affordable.  

In terms of hopes, I really miss my mother and if I had one dream it would be to bring her here to 

Portugal. Otherwise, I hope my family can continue to pay the rent and I hope that my 

grandchildren do really well in life.  I think the way out for my family is to have my grandchildren 

educated and help them get very good jobs , it would be great if that were in tech . This will help 

my family raise our standard of living.  If I had more money, I would spend them on these two 

things too: moving to a nicer neighb orhood and saving to send my grandchildren to university.  If 

they could study science, medicine, or tech, they would be part of creating a better future too.  

My grandchildren are very adept with technology. They use it all the time, both for pleasure and 

for work. The entire school system is online it seems! I mainly use it to communicate with my 

mother. It is essential to my happiness that I am able to communi cate long distances with my 

mother. I can also send her money directly online. Without smartphones we would not be able to 

communicate, and it would be extremely sad. This way she can watch her grandchildren grow up 

and feel like part of the family.  

Custodia 

Cascais, Portugal  

I think the way out for my family is to have 

my grandchildren educated and help them 

get very good jobs. If I had more money, I 

would want to send my grandchildren to 

university. If they could study tech, they 

would be part of creating a better future 

too. My grandchildren are very adept with 

technology. Things have changed and the 

entire school system is online it seems. 

Without smartphones we would not be 

able to communicate back home 
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MESSAGE FROM THE ADVISORY COUNCIL 
Technology has been the determining factor of human progress throughout history. It has 

enabled the creation of secure societies by making it easier for people to access food, water, and 

shelter, and to create prosperity by scaling their economies at home and trading with their 

neighbors. However, it is also a double-edged sword that provides the means for the strong to 

conquer the weak, and the 20 th century has showed Man at his most inventive and aggressive in 

asserting himself over other people, nature,  and planetary boundaries. The net success of todayɅs 

technology-fueled civilization is that it is the most prosperous in the history of the world because 

it is now a world interlinked through communication networks and global systems of finance, 

economics, and trade, enabling flows of people, capital, and resources from every corner of the 

world to anywhere in the world. This is a world underpinned by a multi -lateral system of 

governance, in the form of the UN, that aspires to solve every human issue and ra ise every 

individual to peace, prosperity and freedom.  

However, this success has consumed much of the planet and its ecosystem, with technology 

enabling every resource to be extracted, just as empires of the past did with people. These 

systems have created many challenges as 

they have extracted from everywhere but 

distributed mainly to the West and the 

developed economies leaving a highly 

inequitable world. Within nations, many 

regions and peoples have been left 

behind, and boundaries have been  drawn 

on that have resulted in ongoing battles 

for land eschewing peaceful co-existence. 

The UN has endeavored to solve for these 

issues with the UN Sustainable 

Development Goals, the UN Declaration of 

Human Rights, and the UN International 

Court of Justice and has established a series of divisions of the UN that pursue a more peaceful, 

equitable and just world for all.  

Today, we stand with one foot still in the 20 th Century with its conflicts and challenges and 

another in the 21 st Century with its rapidly emerging information age. The transition ahead is a 

very painful one given it requires us to let go of one for the other. This change is of the magnitude 

of the industrial revolution over the agricultural one, promising to change everything from our 

politics, economies, societies, communities, families, and the values running through these. Two 

wars today, one in Europe and one in the Middle East, demonstrate that the last centuryɅs 

predilection  for conflict over peace is still a feature of our world, combined with an anthropogenic 

impact on climate change pushing temperatures over 1.5 oC, and a concentration of 85% of the 

worldɅs liquid wealth in the North leaving little for an impoverished Global South. These are all 

indicators of the scale of the challenges we face. 

Today, we stand still with one foot in the 

20th Century with its conflicts and 

challenges and another in the 21st Century 

with its rapidly emerging information age 

Ɏ The transition ahead is a very painful 

one given it requiring us to let go of one for 

then other Ɏ technology will determine 

who leads the future world order, the 

geopolitical power structure of the world 

and the type of world we create, as well as 

how we populate other worlds.     
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In the 2023 Capital as a Force for Good Report ii we outlined a framework for solving the UN SDGs, 

comprising policy, public spending, and the private sector, and identified 15 specific scalable 

solutions. Technology was identified as the key enabler of the solution areas, and a key 

determinant of the flow of finance to solutions.  

Last yearɅs Technology as a Force for Good report identified 19 technologies that the largest 100 

tech companies were pursuing in a bid to lead the world into a new era. We found that these 

companies had universally embraced ESG, were actively making their operations across the globe 

sustainable, and the leaders among them were making a positive impact on society at large.  

Technology confers the power to liberate and enslave. As such it is the most precious asset in the 

pursuit of progress and power.  

This report describes how technology can provide the means to create a sustainable, secure, and 

superior world. It can help us finish the job of liberating the remaining populations across the 

world, providing inclusion for all in finance, education, healt hcare, housing, dignified work, and a 

technology enabled world. The 19 technologies identified continue to underpin the efforts of the 

largest and most resourceful companies. Importantly, what is clear is that a small sub -set of these 

technologies are the most powerful arbiters of the future, and these are AI, quantum  computing , 

nanotech, genetics, and fusion . We are at an inflection point in the role of technology where we 

will see it shift from being a tool for Man, to a functional peer, and then a superior agent, and 

should it achieve a measure of conscious awareness, a potential master or agent of ManɅs 

transformation to a superior state. In a switching of roles, it is possible to envisage a future where 

technology itself, independently of Man, has the power to liberate and enslave Man. Creating a 

secure future, requires this to be understood and tackled.  

Critically, in the near term, technology will determine who leads the future world order, the 

geopolitical power structure of the world and the type of world we create, as well as how we 

populate other worlds. The most ambitious countries have already real ized this and are 

competing for that future.  

This report provides the outlines of the journey ahead, the technologies that are currently set to 

shape it, the companies that are investing to do so, the countries that are competing for power 

over the future, and a road map for where technology can go w ith examples of ten technology 

and technology-enabled initiatives that can transform the world and close the sustainable 

development gap, creating the platform for a superior future. As such, it is perhaps the most 

important in the series of reports from o ur Force for Good work, providing a way ahead for a 

sustainable, secure, and superior future.  

 

Ketan Patel 

Chair of the Advisory Council, Force for Good 

On behalf of the Advisory Council 
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HIGHLIGHTS 

1. This report shows that existing technologies enabled by AI can close nearly 50% of the gap 

if scaled and deployed globally, and can help position the world for a more risk managed 

manner for the transition to the Information Age . 

2. The world is not on track to achieve the UN SDGs and provide human security for all, with 

as much as US$175 Trillion needed, and a shortfall of US$137 Trillion (Capital as a Force for 

Good, report, 2023) . 

3. The leading three critical initiatives that lay the foundations for achieving the SDGs and 

effectively levelling up the world are universal connectivity, leveraging generative AI across 

the SDGs, and mass financial inclusion. 

4. The tech industry, as the key integrator and solution provider in the field of technology  with 

the expertise, products, influence , and ability to access capital, is best positioned to take the 

lead in rolling out technology at scale globally and positioning the world for greater 

technology adoption in line with the next era . 

5. 19 core technologies have been identified as the focus of the top 100 tech companies in 

competing for the future . 

6. These core technologies are also the focus of geopolitical competition between countries 

and power blocs, and their control is increasingly seen as a key strategic asset for nation 

states. 

7. While the US has the clear lead along numerous macro and technology metrics, China now 

matches the EU on key multiple macro metrics and has built a strong position in numerous 

core technologies, the EU has the biggest market which positions it as a rule setter for 

others, and India is now rising to take a position among these power blocs; US internal 

political divisions and politicization of the transition represent noteworthy risks to its 

leadership position . 

8. The risks to the transition are elevated unless the two -thirds of the world that were not 

material beneficiaries of the Industrial Age are included; their inclusion can provide for 

greater human security for all and act as a counterweight to global climate, migration and 

economic risks if well managed. 

9. The post transition world, built on a more inclusive platform, can be powered by the  

identified 19  core technologies, and others currently under development including fusion, 

gene-editing, and nanotech, creating a more secure, sustainable , and superior future.  

10. The UN SDGs are critical milestones in creating a more sustainable, secure and superior 

platform for the world, they can be achieved enabled by a range of technologies and in 

particular AI, a series of technologies are already being invested in by the tech industry and 

are the subject of competition between powerful nations, a further range of technologies 

are being advanced and have the potential to make a step -change in human progress and 

usher in the Information Age .   
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I. Executive Summary  

 

 

Key Messages  

Á Existing technologies enabled by AI can close nearly 50% of the SDG gap , if scaled 

and deployed globally, and can help position the world for the transition to the 

Information Age; this can bridge the otherwise unsurmountable capital of US$175 

t rillion needed for the SDGs, and a shortfall of US$137 t rillion .  

Á The tech industry is the critical player required to take the lead given its expertise, 

products, influence and ability to access capital, rolling out technology at scale 

across the world and driving the world into the next era; three of the ten initiatives 

identif ied - universal connectivity, leveraging generative AI across the SDGs, and 

mass financial inclusion - together contribute to nearly 30% of the SDGs and lay the 

foundations for levelling up the world . 

Á 19 core technologies have been identified as the focus of the top 100 tech 

companies in competing for the future and are also the focus of geopolitical 

competition between countries and power blocs, and their control is increasingly 

seen as a key strategic  asset for nation states . 

Á While the US has the clear lead from a macro and technology perspective, China has 

drawn level with the EU on key macro fronts and built a strong position in many of 

the core technologies, the EU has the biggest market which positions it as a rule 

setter f or others, and India is now rising to take a position among these power 

blocs; US internal political divisions and politicization of the transition among other 
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issues represent noteworthy risks to its leadership position and ability to lead the 

world into the next era . 

Á The risks of a dangerous transition including global climate, migration and socio -

political -economic disasters are heightened unless the two -thirds of the world that 

were not material beneficiaries of the Industrial Age, predominantly in the Global 

South a nd also left behind in advanced nations are included; a post transition world, 

built on a more inclusive platform, can be powered by the identified core 

technologies, and a suite of others currently under development including fusion, 

gene -editing and nano -tech, creating a more secure, sustainable and superior 

future.  

 

 

I. A Transition Between Civilizations is Creating Global Disruption 

Threatening Progress  

A cascade of successive global disruptions is diverting leadersɅ attention and resources away 

from longer term systemic priorities for the world as global civilization shifts from the Industrial 

to the Information Age. Unlocking the benefits that this new age requires managing the worldɅs 

current security and sustainability challenges as a critical part of this transition.   

Á Global security derail ing progress. The world is facing an unprecedented  series of 

interrelated political, social, economic , and environmental disruptions that threaten global 

peace and prosperity.  

Á Long Term Shift in multipolarity, energy -sustainability and AI. These disruptions are ultimately 

being caused by a set of longer-term phenomena, in  particular increasingly global 

multipolarity,  with ChinaɅs economy overtaking AmericaɅs by 2035, and ϥndiaɅs the EUɅs by 

2050, the sustainability and energy transition,  and the ongoing digitization of industries , the 

economy and society, with the digital economy expected to represent more than 20% of 

global GDP by 2025. 

Á Civilizational shift to Information Age.  Collectively these phenomena are drivers of a global 

civilizational shift to the Information Age, which holds the promise of a superior future for the 

world in terms of peace, prosperity,  and freedom for all . 

Á Transition risks significant. However, the disruptions facing the world  point to potentially 

significant transition risks that must be managed for this future to be realised  with, for 

example, the world projected to produce twice the CO2 emissions than the agreed 1.5C 

global warming limit allows , and automation placing 34% of all jobs in Europe at risk within 

the next 15 years. 

Á Technology critical to transition.  Technology has perhaps the most critical role to play in 

allowing the world to make a secure sustainable transition.  
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II. Technology is Critical to Managing the Transition, With AI Being the 

Transformative Agent Across All Human Activity  

Technology is perhaps the primary catalyst for human progress, and therefore is crucial in 

delivering a secure, sustainable,  and superior future for the world is a critical one.  The 

innovation and deployment of technology is not only critical for determining what the future 

looks like, but is also critical for managing the transition, impacting the shape and length of 

the path the world takes to get there.  

Á Technology key in history for progress.  Technology has been the key driver of civilizational 

change throughout human history, and the transition to the future is inextricably linked to 

technolog ical innovation, both for solving short term challenges and for building a superior 

world. 

Á Technology critical to UN SDGs and security achievement. Technology is critical to achieving 

the UN SDGs, with digital technology in particular capable  of solving between 18% to 36% of 

the goals, and for security too, with access to technology having been recognized as a core 

pillar of human security by the United Nations ɄHuman Security for AllɅ campaign. 

Á Unlocking techɅs potential requires critical policy support.   TechnologyɅs ability to deliver on its 

potential in particular requires governments, regulatory authorities, policy makers to create 

the enabling environment that that scales and supports innovation and its deployment.  

Á Step change in future dependent on breakthroughs.  The creation of a far superior future for 

the world depends on the achievement of a series of innovation breakthroughs across AI, 

computing,  and data sciences, but also energy, material sciences and life sciences. 

Á AI critical to progress and double -edged. AI in particular has a critical role to play throughout 

this transition and beyond, adding up to US$26 trillion  of economic value annually, but given 

its potential for both progress and destruction,  placing nearly 30% of jobs across OECD 

countries at risk , it will require global agreement on how to manage it.  

 

III . 19 Core Technologies Are Key to Building the Future and Driving 

Security, Sustainability,  and a Superior Level of Human Prosperity  

The transition to the future is being driven by the Fourth Industrial Revolution and its 

integration  of technologies that blur the lines between the physical, digital, and biological 

spheres , powered by a set of 19 digital and digitally enabled  technologies. Global tech 

companies are increasingly positioning to drive breakthroughs in and to lead these 

technologies in the future.  

Á Blurring boundaries between digital, physical, and biological underway.  The technological 

changes and innovations driving the shift to the Information Era have collectively been called 
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the Fourth Industrial  Revolution, which is increasingly blurring the boundaries between 

digital, physical, and biological systems. 

Á 19 core technologies defin ing transition to the future.  The building blocks of this are 19 core 

technologies, which play distinct fundamental roles in underpinning both secure sustainability 

in the short term and a superior future in the longer term.  

Á Tech leaders taking positions across the 19 core technologies. The 19 core technologies are 

areas of increasing interest and engagement by global tech sector leaders, who are 

competing with one another to drive breakthroughs across these areas and position 

themselves as leaders of the future as well .  

 

Á AI and Big Data have become Ʉmust havesɅ. Engagement with information processing 

technologies like AI and Big Data is near universal with with 98% and 87% of the 100 global 

tech sector leaders pursuing initiatives there, but industrial (ranging from 40% for drones to 

77% for IoT), energy (ranging from 44% for storage to 60% for renewables)1 and financial 

technologies (blockchain with 48%) are also attracting the attention and investment of half or 

more of these companies.  

Á Key future-defining industry technologies also involve tech leaders. Tech sector leaders are 

also increasing their engagement with specialist areas technology in particular, nanotech 

(27%), gene-editing (17%), and nuclear fusion (13%), given the fundamental transformative 

impact these technologies may have.    

 
1 Excluding fusion energy research and initiatives  
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IV. The Core Technologies Have Geopolitical Implications and Are Key 

to a Technology Race Between Major Powers  

The 19 core technologies  have emerged as fields of geopolitical competition between 

countries and power blocs, and their control is increasingly seen as a key strategic asset for 

nation states. The worldɅs major power blocs are prioritizing technologies accordingly, 

leveraging th eir innovation capacity, domestic economies,  and their capital to build global 

leadership positions.  

Á States competing for technology for future geopolitical and geo-economic power.  Given 

technological superiorityɅs role as a key source of geopolitical and geo-economic power, many 

of the 19 core technologies have become targets of increasing competition between major 

countries and power blocs,  

Á US leading given its incumbent broad geopolitical position . Currently, the US is best placed to 

lead the world into the Information Age given the US continues to lead the world in 

geopolitical assets, capturing 43% of the worldɅs market cap, 40% of defence spending, 31% 

of wealth and 26% of its GDP as well as across the 19 core technologies as a whole, leading in 

terms of patent applications across all 19 and in terms of investment across all but one 

technology.  

Á US has strongest  markets for funding, with indebtedness and politics pos ing material risks. 

While the US has the strongest capital markets to pursue this, the US faces numerous 

challenges including rising government indebtedness, internal political divisions, and 

politicisation of and resistance to the energy and sustainability transition.  

Á China and EU level and seeking to play important roles in the transition . China has effectively 

drawn level with the EU across key (non-tech) strategic assets such as market capitalization 

(15% global share vs 14%), GDP (17% vs 18%), and trade (14% vs 13%) and has already 

overtaken it in terms of R&D  (patent filings) across nine of the 19  technolog ies, but still lags 

behind the US across most dimensions . 

Á EU market size provides rule-setting capability in future tech.  The EUɅs most critical asset is 

the size of its common market, which is the worldɅs largest across seven of the 19 

technologies, position ing it as a powerful rule -setter for the global terms of trade and as a 

regulator of how the technologies of the future will be used.  

Á India is the next significant power for the future.  India is the next significant player  behind the 

three major power blocs across nearly all dimensions of power, capturing just under  a 

quarter of the share of the third  power across global wealth, market cap, defense spending, 

GDP, or trade, reflecting its ongoing transformation from a developing to middle income 

country. However, its sustained long term economic growth is creating opportunities for it to 

increasingly compete across key technologies in the future.  
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V. Scalable Tech Solutions Can Meet Nearly 50% of the SDGs, SDG 

Funding Need Estimated at US$175 Trillion , US$137 Trillion Gap   

The long-term transition to a superior future requires the shorter -term delivery of global 

scaled security and sustainability, as encapsulated by the SDGs. Meeting the goals will likely 

require the deployment and scaling of a series of mature technology so lutions, rather than 

relying on breakthroughs in emerging technologies.  

Á US$175 trillion SDG funding need, and can be met. The total SDG funding need  is estimated 

at US$175 trillion , with a US$135 trillion funding gap, as part of our work on the role of capital 

in meeting the SDGs, with our analysis showing that policy, government spend and the 

private sector can help close this gap, and technology playing a pivotal role. 

Á Mass global deployment of technology at scale required . In particular, meeting the SDGs, 

which will require the deployment and mass scaling of established technology solutions.  

These solutions will need to include both universal enabling technologies that can underpin 

the delivery of all the goals, as well as targeted digital and industrial technology solutions that 

can make a significant impact on specific goals.  

Á Ten existing technology solutions iden tified with global scalability , not breakthrough 

dependent . This report highlights ten such solutions including (i) Universal Internet 

Connectivity, (ii) Generative Aϥ, (iii) The Ʉϥndia Stackɉ, (iv) E-Commerce Platforms, (v) Digital and 

Telehealth, (vi) E-Learning Platforms, (vii) Gene Edited AgTech, (viii) Multi-Hazard Early Warning 

Systems, (ix) Green Hydrogen, and (x) Water Purification  and Treatment Technologies. 

Á Global internet connectivity and AI can solve for c.24% of the SDG gap. Among the 

highlighted solutions, the delivery of (reliable and affordable) global internet connectivity has 

among the biggest potential impacts on the goals, capable of achieving 19% fo r the SDGs. 

Combined with generative AI, this total increases even further, to 24%. 

Á Scaled fintech and e-commerce among leading solutions.  Other, issue-opportunity specific, 

digital technologies also have significant impacts, with the Ʉϥndia StackɅ of technologies for 

digital finance and inclusion potentially solving for 8% of the goals and e -commerce solutions 

addressing 5% of the SDGs.  

Á c.50% of the SDG gap addressed if the ten solutions scaled and deployed globally.  The ten 

solutions highlighted in this report collectively have the potential to solve for nearly 50% of 

the SDGsɅ delivery, given global deployment and scaling. 
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VI. Creating A Superior Future Requires Short -Term Actions to Level 

up the World and Long -Term Actions to Build a Better Way  

The civilizational shift to the Information Age is inevitable, but the building of a superior future 

requires levelling up the world, particularly the Global South,  so that the benefits of progress 

can be shared more equitably. This will require the world to both solve for the SDGs in the 

short -term while continuing to drive breakthroughs in new a generation of technologies  that 

can transform the world in the long term.  

Á Only one-thirds of world substantially benefitted from Industrial Age.  Two-thirds of the world 

have not been full beneficiaries from the advances of the Industrial Age; the Information Age 

provides the opportunity to drive their inclusion.  

Á Achieving Information Age requires energy and resources breakthroughs,  in sight. A truly 

superior future for the world will require breakthroughs in energy and natural resources that 

have yet to be achieved and are potentially a decade or longer away.  

Á Transition fraught with competition and risk.  Until these breakthroughs are made, the global 

paradigm will continue to be one of competition and increasing resource scarcity, making the 

transition between civilizations a time of risk for the world.  

Á Including the two -thirds reduces risk of transition and requires identified  solutions.  Managing 

this transition requires unity to tackle common issues, levelling up the world such that the 

known risks are minimized. This is best achieved by achieving the SDGs to deliver security, 

sustainability, and a baseline of global development for futur e growth to be shared.  
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Á Superior future, based on the 19 core technologies, is close. The growth that is achievable 

based on the 19 core technologies, and once the necessary breakthroughs are made will be 

unprecedented in human history, with GDP potentially tripling by 2060 to reach US$350 

trillion , and accelerating further thereafter to grow six -fold by the end of the century.  

 

Á Unity required if world not be derailed from the future.  Creating this future requires the 

world to work together  to establish secure sustainability as a must -have requirement to 

create a better future, and whilst there will be competition , the result must be in favor of 

sharing the solutions and the peace, prosperity and freedom that results.  

Á Focus on human security to ensure techɅs role as a force for good. Global stakeholdersɅ 

focus on ɄHuman Security for AllɅ is essential to ensuring that technology and its future 

development benefit the world, rather than harming it, and ensuring that technology 

increasingly and very consciously becomes a Force for Good.  

The world has the technologies to create a sustainable future that levels up the world, capital 

will follow the deployment given the worldɅs top corporations possess these technologies and 

the solutions  that they spawn. If this happens, the values of the world will be transformed 

and the race to deploy the technologies that further raise the world will be a shared one 

between all the peoples  of the world. That future is clearly within grasp   
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II.  World Events  Threatening Transition 

Course  

 

The world is facing a n unprecedented  series of interrelated political, social, economic,  and 

environmental disruptions that threaten global peace and prosperity. The resulting ɄpolycrisisɅ 

is diverting leadersɅ attention and global resources away from a series of longer -term  

transitions facing the world, including geopolitical power shifts, the sustainability and energy 

transition, and the increasing embeddedness of digital technology and now AI into every part 

our lives. These longer -term  transitions are key elements of a global scale civilizational shift 

underway, with a series of digital and industrial revolutions ushering in the Information Age. 

The future that these revolutions create can be a superior one for the world, but the 

transition promises to be rocky if the worldɅs current security and sustainability challenges are 

not managed well. Technology has a critical role to play in this regard.  

 

1. The World Derailed  

Polycrisis Diverting Global Attention  from Global Development  

The progress of global civilization when measured against the core building blocks of peace 

prosperity and freedom over the past two centuries has been astonishing , a near-continuous 

transformation of the world  for the better. Since 1820, by when the industrial revolution was in 

full swing, the percentage of people receiving a basic education has grown from 17% to 86%, the 

percentage of people living in a democracy has increased from just 1% to 56% today, while the 

percentage of people  living in extreme poverty has fallen from 94% to less than 10 %, currently.   
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Over the past decade or so, however, further progress across these and other development 

objectives has slowed, and in some cases reversed, as a result of successive political, economic, 

and social crises across the world.  

The past few years alone have delivered a global pandemic, the worst recession in over half a 

century, the breakdown of global supply chains, record levels of inflation globally with 

accompanying cost of living crises, an economic downturn across both the industriali zed and 

developing world , a war in Europe that is testing Western security and political alliances, as well 

as triggering an energy supply crisis with global repercussions, and now a second conflict in Gaza 

that threatens to export political, social and security instability as it draws other countries into its 

wake. 

Alongside these geopolitical tensions, the political and societal cohesion within leading countries 

of the international liberal order has been increasingly fraying. Populism, nationalism and 

identitarianism are polarizing civil societies and driving bitter partisanship within electorates. 3  

Further, major global environmental  challenges include not just the increasingly urgent need to 

address climate change and rising natural disasters,  but also sustainable resource management, 

with overexploitation of natural resources, loss of biodiversity, and growing waste and pollution .  

The growing diversity of the worldɅs problems is compounded by the apparently shorter and 

shorter intervals between individual crises. Further t hese challenges are interacting with one 

another in a manner that defies the worldɅs ability to deal which one discretely, and the resulting 

confluence of crises, often referred to as a Ʉpolycrisis,Ʌ poses a compounded threat that risks 

further dividing the world at a time when global collaboration is urgently needed .4 

 

Figure 1: Global Events and Disruptions 5  

  

The evolving polycrisis has had a profound and costly impact on humanity, both economically and 

socially, result ing in millions of deaths, a loss of livelihoods, escalating poverty, deteriorating 
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health conditions, increased mistrust and civil unrest, and economic damages amounting to 

trillions of dollars. Progress in key areas such as poverty eradication, hunger, health, and 

education has not only stalled but regressed : 

the number of people worldwide living in 

poverty increased by 60 million in 2020,  and 

the number of people who go to bed hungry 

every night has increased by 250 million since 

2018.6 

Tragically, rather than driving a redoubling  of 

global efforts to address these impacts and 

their long -term causes, recent events have 

drawn global leadersɅ attention away from long-term systemic global issues to focus on short -

term security  and conflict issues. Further, the liberal international order that has effectively 

governed the world under the aegis of American leadership is fraying, giving way to a world of 

increasing multi -polarity and great power rivalry with a rising China. 7 These challenges have put at 

risk global progress on driving development and addressing systemic issues , and so comes at a 

significant cost to  the world.  

Short term security and economic challenges have also reduced the geographic scope of national 

priorities , with many Western leaders finding that allocating hundreds of billions of dollars 

towards long -term sustainable development in the Global South, at present, is a financial burden 

and a political cost they cannot readily bear . Meanwhile the systemic issues that the world faces  

remain unaddressed and  continue to grow.   

Figure 2: Global Systemic Challenges: A Partial List   

Funding the SDGs 
US$13-17 trillion annual funding gap to meet the UN -SDGs by 2030, up to 

US$137 trillion total 17 

Climate Crisis 
2x higher CO2 emissions globally by 2030 with current policies vs. emissions 

level required to avoid the worst effects of climate change 15 

Global Migration  
1.2 billion people could be displaced globally by 2050 due to climate change 

and natural disasters 8 

Democratic 

Backsliding  

38% of the global population live in illiberal or authoritarian countries deemed 

ɄNot FreeɅ, the highest proportion since 1997 

Post-Truth 

Societies 

36% of Americans believe the risks of the COVID-19 vaccine outweigh the 

benefits 19 

Global   Inequality 
7% of the world's population Ɂnearly 600 million peopleɁwill still struggle in 

extreme poverty by 2030 9 

Technology Risk 

and Disruption  

34% of jobs in Europe at risk of automation with in c.15 years due to AI and 

robotics 10  

Rather than driving a redoubling of 

global efforts to address these impacts 

and their long-term causes, recent 

events have drawn global leadersɅ 

attention away from long-term systemic 

global issues to focus on short-term 

tragic security and conflict issues. 
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And while the benefits of actually addressing these long-term environmental, development and 

security risks now clearly outweighs the cost of inaction , they are still unable to compete with 

near-term economic and political stability issues in times of perceived uncertainty .  

 

Geopolitical Power Shifts and Global Conflict Risk  

Among the challenges currently unfolding across the world, t he conflicts underway in Ukraine and 

Gaza pose an acute risk to global security. Both have, to varying degrees, drawn in  both America 

and its rivals, divided the world , and have significant implications on global security and progress, 

thereby serving as flashpoints with the potential to lead to global conflagrations. The ongoing 

standoff between China and Taiwan in Asia represents a potential third major flashpoint for the 

world.  11 

While each of these evolving conflictsɅ origins are ultimately local in nature, their potential impact 

is global. Importantly, these conflicts are occurring in the context of the geopolitical shift currently 

underway from a unipolar to a multipolar world order, with four leading geo -economic/geo -

political power blocs 12 - the US, China, the EU and over time, India13 - emerging, and a second tier 

of regional powers includi ng Russia, which has re-emerged following the collapse of the Soviet 

Union, and Saudi Arabia which is emerging as a powerful regional power.  It is the strategic 

interests of these powers that makes what would otherwise be local conflicts into events with 

geopolitical significance and with the potential to ignite a worldwide conflict .  

Figure 3: A Multipolar World: Key Players 14   

 

Collectively the ɄBig FourɅ power blocs, the US, the EU, China and ϥndia, control most of the worldɅs 

resources and economic output, as well as its wealth and military power. Alongside these Big 
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Four, there are regional powers , some rising and some falling, vying for superpower status and 

the opportunity to shape the coming world order. Russia and Saudi Arabia are among the most 

prominent members of this group, (which also includes, among others , Japan and the United 

Kingdom), with Russia evidently looking to reclaim its Soviet-era global superpower  position 15 

through  regional interventions in  Syria, Ukraine and Georgia, and Saudi Arabia diversifying its 

economy and using its position as a major energy exporter to the four big power blocs, while 

looking to play a pivotal role in regional conflicts. However, both countries continue to lack scale 

across the key economic and demographic metrics that will determine longer term leadership 

among the blocs . While Russia today appears to be broadly comparable to India across some 

metrics (for example, energy consumption, defense spending, and trade), IndiaɅs demographic 

advantage and strong growth will see it exceed Russia across nearly all metrics into an 

unbridgeable chasm in the coming decade.  

These economic and demographic  factors will also significantly impact the  relative balance of 

power among the Big Four blocs, with the nexus of global economic growth shift ing further from 

the West to Asia. ChinaɅs economy is already bigger than the EUɅs and is expected to overtake the 

US before 2040. ϥndiaɅs demographic dividend is projected to see it overtake Europe economically 

by c.2050, and in the long view, overtake both the US and China by the end of this century. 16 

Figure 4: Big Four Power Blocs GDP Growth Through 207 517   

 

Unless these four power blocs can work together over a prolonged period , their relative positions 

will change to a shift away from the older world leaders to the new , and potentially away from 

democracies too. TodayɅs rivalry means that the world is not well placed to address the systemic 
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risks that threaten global progress against security and sustainability, as well as the peaceful 

transition to a superior future. Instead, escalating waves of wars, pandemics, revolutions, market 

crashes, economic and political turmoil, 

supply chain challenges and resource 

shortages, deglobalization, and domestic 

socio-political upheavals will threaten to 

overwhelm countriesɅ and societiesɅ response 

capabilities, and divert critical resources and 

attention away from long term challenges 

such as climate change and development 

crisis - and the ensuing dissolution of politics, 

societies, economies and national borders - 

that are not waiting on the world to align around .  

In addition to the geopolitical shift to the multi -polar world described here, there are two other 

major long -term trends, with significant socio-economic and political implications for the world  

order . These are artificial intelligence (AI) and global sustainability, which with the geopolitical shift 

underway will redefine the global landscape we operate in, positively and negatively .  

 

Artificial Intelligence Embedded Everywhere  

The breakthroughs of the Digital Revolution  are continuing to  reshape our world on a scale 

comparable to that of the Industrial Revolutions of the late 18 th and 19 th centuries. Universal 

connectivity and rapidly grow ing processing power is increasingly integrating physical, digital, and 

human systems through tools in the form of  core technologies  such as the internet of things, data 

analytics, and particularly artificial intelligence, and in turn th is will fundamentally transform 

industries, governments, communities , and individualsɅ realities across the world.  

Figure 5: The Cambrian Explosion ɀ of Digital Data 18 

 

The explosive growth of digital data illustrates the scale of the transformation underway , with data 

being the critical ingredient of a  digital economy making up more than 15% of global GDP already, 

having outgrown global physical economic output by  2.5x times over the p ast decade.19 The rapid 

The world is not well placed to address 

global systemic risk, with escalating 

waves of disruption threatening to 

overwhelm countriesɅ and societiesɅ 

response capabilities and divert critical 

resources and attention away from long 

term challenges such as climate change 

and development crisis. 
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advances being made in artificial intelligence  leveraging deep learning, machine learning and 

neural networks,  position it as the digital technology with perhaps the most disruptive impact 

potential  on almost everything . By embedding intelligence into every product, service, and 

process, AI has practical use-cases and applications across all facets of human activity. Moreover, 

as a highly adaptive general-purpose technology, AI is poised to fundamentally transform not just 

the global economy but global society too , potentially altering political, social, commercial, and 

even ethical decision-making beginning with richer countries and as the internet reaches most of 

the worldɅs people, rapidly gaining share in developing countries too. The speed of adoption of AI 

technologies exceeds that of every other technology on record in human civilization. ChatGPT ɀ a 

type of AI known as a large language model ɀ is the fastest -growing consumer application of all 

time, achieving 100 million global users in only two months .20  

Figure 6: Accelerating Speed of  Tech Adoption 21 

 

A heightened level of anxiety and alarm has been raised by tech leaders22 given that the 

performance of highly autonomous AI systems is beginning to approach, and  is potentially 

expected to exceed that of humans , in most economically valuable work (a widely used definition 

of artificial general intelligence) . As such, the advent and further development of AI will pose a 

fundamental challenge to existing global and national political, economic, and social structures, 

creating the urgent need for  new frameworks to control the development and roll -out of AI.  
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The Long-term Sustainability Transition   

Following centuries of industrial -led growth, the resulting world system delivered the 

breakthroughs that define todayɅs world and increasingly pushed against planetary boundaries, 

creating the need for the world to move to 

a more sustainable model of development . 

The new model will also need to cater for 

an additional  two billion people by 2050, as 

well as bringing to prosperity the two -thirds 

of the world that live in the Global South , 

and the low income households in 

developed countries  The transition to a 

more sustainable and inclusive model 

represents a pivotal shift in how societies, 

economies, and the environment interact, 

seeking to balance economic growth  and 

social development  with the preservation 

of planetary resources.  

The majority of economic growth in history has involved reshaping, processing or consuming 

natural resources by using energy. HumankindɅs successive exploitation of coal, oil , and gas (each 

at accelerating rates of adoption)  over the past two centuries  has driven unprecedented 

productivity growth, economic development , and wealth creation, but ha s also led the world to a 

point where critical natural resources are being depleted at a rate that will see their production 

peak and decline in the coming years.  

Figure 7: Global Resource Tipping Points  Expected 23 

 

Resource depletion also requires  replenishing , and/or finding alternatives for resources like 

water, fishing stocks and timber, as well as agricultural land, which in many places around the 

world are being consumed at unsustainable rates. Current projections of water usage, 

Crit ical Resource Peak Product ion Dates

Source: Resources, Conservation and Recycling
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Past shifts in civilizations were facilitated 

by systemic energy and resources 

transitions unlocking more powerful 

and functionally superior energy 

sources that powered ever greater 

waves of economic development Ɏ 

looking ahead, this spells the end of 

fossil fuels given they are finite and 

cannot be the basis of building a future 

for 10 billion people with aspirations to 

move beyond the limits of the planet. 
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exacerbated by pollution and demographic trends, mean that up to h alf of the worldɅs population 

could be living in areas facing water scarcity by as early as 2025, with up to  700 million  people 

facing displacement due to  water scarcity by the end of the decade.  

The required global sustainability transition will require the world to develop alternatives for 

nearly all the worldɅs natural resources, whether they are finite or renewable.  

Central to this shift is a systemic energy transition, away from fossil fuels that are not only finite, 

but also unsustainable in terms of their planetary impact  as the key driver of anthropogenic 

climate change.24 Past energy transformations have involved unlocking more powerful and 

functionally superior (i.e. denser, more economic, easier to transport) energy sources that have 

powered ever greater waves of economic development.  

Figure 8: Global Energy Transitions 25 

 

The energy transformation currently underway will need to transition the worldɅs needs to a new 

source that is not only functionally superior, and more affordable , but also practically infinite in 

supply and with a minimal ecological footprint.  

Finally, the sustainability transition also encompasses the preservation of biodiversity, reducing 

pollution, fighting environmental degradation , and managing future human-nature interactions , 

counteracting the decades if not centuries of environmental damage that current global patterns 

of industrialization and development have resulted in.  
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Stepping back, the decline of the current liberal international  order  is being defined by powerful 

forces. This order has governed the relationships between states for over half a century, setting 

the rules of engagement for global economic, political, security and even humanitarian action for 

over 50 years, based on principles of political and economic liberalism, collaboration through 

multilateral institutions, the primacy of human 

rights, capitalism, liberal democracy and 

coordinated action. The current orderɅs rules 

and institutions have been challenge d by 

shifting geopolitical power , artificial 

intelligence, and sustainability, given they were 

created generations ago under very different 

circumstances and for different purposes. While todayɅs national and multilateral institutions are 

striving to provide the leadership to address these pressing issues facing the world, they are 

struggling to do so and have joined the call for the renewal of the world system to one that can 

cope with the disorder and impose and enforce new rules on the world. 26  

.  

It is increasingly evident that t he world today is in the transition to an era-defining civilizational 

shift which will see innovations that will redefine almost everything we experience today over the 

decades to come.  

 

2. A World in Transition Between Civilizations  

We are in the midst of a civilizational transition.  

Global civilization-level transitions in human history have been few and far between.  For over 

95% of human history, people lived and died in small nomadic hunter -gatherer groups and  with a 

limited material culture that most anthropologists believe lacked the social complexity to be 

deemed a civilization at all.27 Since c.10,000 BCE however, several transitions, or revolutions, have 

fundamentally transformed human society to create modern civilization.  

The first major transition, triggered the creation of permanent settlements, leading to states, 

centralized administrations and political structures  and the invention of writing , in what is now 

known as the Agricultural Age. The second major transition beginning in the late 18 th century with 

the First Industrial Revolution, ushered in the Industrial Age, characterized by mechanization and 

industrial production based on exploitation of a widening range of fossil fuels, led to waves of 

unprecedented economic and population growth , as well as colonization and power struggles 

across the world , laying the seeds of todayɅ power structure and multilateral institutions. The 

latest transition, triggered by the Digital Revolution28 starting in the mid -20th century, has seen the 

development and widespread adoption of digital technology  in the Information Age, 29 with 

information increasingly replacing manufacturing as the key driver of economic value and leading 

to the emergence of post -industrial societies and economies , while leaving behind former 

colonies, largely across the Global South, in relative poverty .30  

The world today is in the transition to 

an era-defining civilizational shift which 

will see innovations that will redefine 

almost everything we experience today 

over the decades to come.   
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Figure 9: The Transition to the Next  Stage of the Information  Age31 

 

Every previous shift in civilizations has involved massive changes across geopolitics, spawned new 

forms of government, created new economic and trading systems, led to altered settlement and 

migration patterns, transformed modes of social organization, li velihoods, and culture, and 

innovated and implemented new technologies, such that the world following a shift would be all 

but unrecognizable to the people living before it.  

Within the space of a century , the Industrial Revolution saw rural  agricultural societies with 

hereditary autocracies of kingdoms and empires overseen on horseback replaced by urban 

industrial nation -states, with railways, 

cars, air travel and ocean liners and 

managers overseeing thousands of 

workers in factories .  

Starting in Europe, this civilization 

conquered the world, built long range 

weapons, put man on the moon and 

crisscrossed the world with 

telecommunication networks, and 

after two world wars created 

multilateral institutions with the noble aim of promoting the peaceful co -existence of all. The UN 

SDGs are a product of this enlightenment.  

The world today finds itself at a similar 

inflection point as in the 19th century with 

the technologies of the Information Age 

having reached a tipping point, ready to 

create a future radically different to the 

present across almost every dimension, in a 

process that will include a series of mass 

social, political, economic, and 

technological upheavals. 
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The world today finds itself at a similar inflection point as it was in the 19 th century with  the 

technologi cal progress of the Information Age having reached a tipping point ready to create a 

future radically different to the present across almost every dimension , in a process that will 

include a series of mass social, political, economic, and technological upheavals.  

In fact, the current multi -dimensional threats  facing the world  referred to as a  polycrisis, the 

systemic issues such as climate change, and the long-term t ransformations  of a changing power 

structure of blocs, AI and sustainability are all aspects of this civilizational transition . Using an 

oceanic analogy, the events of the polycrisis are like waves, erratic and potentially with significant 

destructive capacity. The systemic challenges on the other hand are more like tides, ebbing and 

flowing with greater  force but also with greater predictability. And the long -term transformations 

are similar to deep currents that shape the ocean itself  and the life within. When these converge 

as they are now, the world faces a tsunami that changes everything. The existence of these 

structures is of course not unique to the current transition but has been a feature throughout 

historical one  as well. 

Figure 10: The Structure of Civilizational Transitions 32 

Level of 

Interaction  

The Transition to Industrial Civilization  

(19th Century) 

The Transition to the Information  

Civilization  

(21st Century) 

Short-Term Events 

and Crises  

(Waves) 

Á Riots (Chartists, Luddites)  

Á Famines (Great Irish Famine) 

Á Revolutions (1848) 

Á Wars (Ukraine, Gaza) 

Á Economic shocks  

Á Pandemics 

Systemic Changes 

and Challenges 

(Tides) 

Á Urbanization  

Á Population growth  

Á Economic industrialization  

Á Global migration  

Á Inequality  

Á State instability  

Long-Term 

Impacts and 

Transformations  

(Currents) 

Á Colonization and globalization 

Á The rise of Western hegemony  

Á Fossil fuels and anthropogenic 

climate change 

Á Multipolarity  

Á Digitization and AI 

Á The global energy transition  

Source: Force for Good 

Of course, the waves, tides and currents all impact one another thanks to human agency. Short-

term events drive decisions  and responses that have long-term impacts,  and long-term  goals 

have short term effects, leading to a complex feedback loop shaping trajectory of the global 

transition  underway.    

 

Moving to a Sustainable, Secure, and Superior Future 

While the transition to the worldɅs next civilization is already underway, the events of recent years 

and the outlook ahead indicate that it will be a rocky one. Navigating this transition effectively 

require the world to address a series of interrelated challenges unfolding on different timescales  

of which security and sustainability are ever -present and testing world systems . First, it will 

require addressing the security risks and disruptions created by the various crises taking place in 
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the world  today, be they economic, political, or social. Second, it will require addressing the 

worldɅs sustainability challenges relating to people, prosperity, the planet , and peace, defined by 

the 17 SDGs which provide a blueprint for the global levelling up that needs to occur  to address 

these challenges by 2030.  

Neither of these two goals can be reached in isolation. Security without long -term sustainability 

will be fleeting, and without sufficient security the world cannot make the investments and 

decisions required to deliver sustainability. Together however, secure sustainability enables the 

world to manage a transition  to the future  that  minimi zes disruptions and shar es the inevitable 

transitions costs in an equitable way.   

ϥf the world can achieve sufficient secure sustainability, the worldɅs future has the potential to be a 

bright one. Enabled by technology, this future can be functionally superior to the present in a 

number of fundamental ways, including a world of :  

Á Post-scarcity economics, in which the production costs of essential goods approach zero 

due to automation and advanced manufacturing techniques;  

Á Net-zero resource consumption  such that finite natural resources are not depleted, 

thanks to sustainable practices and breakthroughs in material sciences delivering 

planetary sustainability;  

Á A functionally superior energy source  for the world that is ubiquitous, clean, efficient, and 

at near zero cost;  

Á Individual-to-individual transaction systems  for t he delivery and distribution of value as 

part  of far more equitable societies and systems of finance, trade, and economics, locally 

and internationally , and 

Á Human security for all  defining core shared values and needs and operationalized for the  

multi -faceted delivery of solutions to the individual. 

The path to such a future can be created by a series of technological breakth roughs. Any shift in 

civilizations is ultimately driven by the growth of knowledge, delivering the science and technology 

that delivers a changed world and changed 

societies and individuals. Over the course of 

the 20 th century alone we have split the 

atom, decoded DNA as the language of life, 

and built machines that outperform the 

human brain by several orders of 

magnitude  along specific dimensions. But 

populists are now undermining trust in 

science for political gain and thereby 

threatening all human progress, and we 

have also honed our ability to make war during the past century, killing nearly 200 million people 

since 1900 with increasingly lethal and innovative armaments , and secured the means to wipe out 

all human l ife on the planet many times over. 33   

Enabled by technology, this future can be 

functionally superior to the present in 

several fundamental ways, including a 

world of post-scarcity economics, net 

zero resource consumption, a 

functionally superior energy source, and 

human security for all. 
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Technology is clearly a critical driver of change, but its ability to deliver progress depends entirely 

on how it is used. With the world today facing unprecedented disruptions and standing on the 

cusp of radical change, the question of how we will use the technologies that are becoming  

embedded ever deeper into our economies, our societies, and our  minds and bodies  is a critical 

one.  

The Risks of Transition 

In the transition between the Industrial Age and the Information Age , and with the worldɅs 

population rising dramatically from 6. 2 billion in 2000 to c.10 billion b y 2050,34 the critical 

resources underpinning economies are increasingly competed for, expensive to extract and more 

dangerous for the economy. Yet, given demand is what drives economies in both rich economies 

and developing ones, the cycle of 

extraction can only be broken if either 

individuals who are consumers and 

citizens can be convinced to stop 

measuring their progress in terms of 

consumption  or breakthroughs can be 

made that allow this consumption to 

continue in a less destructive manner. In 

the absence of either, a highly 

competitive scenario emerges in which 

rich nations and individuals mostly horde 

the assets, and poorer ones rise up 

against their loss. The consequences are 

felt in politics, society, economics, and 

individual relationships and include 

citizens replacing governments that fail 

to deliver with ones that can or merely 

promise they can, mass migration to 

places that offer the opportunity to live the better life  and the use of trade as a weapon of 

protection and  the breakdown of relationships.  

The world is in such a transition at this point, some of the features of this include:  

1. Competition for natural resources.  The danger is not that the world runs out of natural 

resources, but that there will not be enough, it will not be delivered quickly enough, cost-

effectively enough, and cleanly enough to satisfy demands. The intense competition for 

these resources will damage geopolitical relationships  and lead to instability.  

2. Competition for political power.  Given that the industrial era has built prosperity through 

consumption, political power goes to those that can feed this now basic requirement.  As 

this need cannot be satisfied in a world facing increasing scarcity, governments are more  

likely to pursue  what are essentially zero-sum strategies such as protection of their own 

assets (for example, land, jobs, social security) and increasing resource extraction from 

The essence of the transition challenge is 

that progress is defined as mass 

consumerism and all the worldɅs political, 

social and economic systems, backed by 

militaries, are designed to deliver that Ɏ 

participants in this system is ready to let 

go of that and the Global South aspires to 

join it Ɏ this creates fierce competition 

and hoarding of resources, and this path 

can only be traversed safely if the 

fundamental values of consumerism 

change or if technology delivers the 

means to satisfy this exponentially 

growing consumerism economically and 

without destroying the planet   
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across the world , or when they know they cannot deliver , resort to diversions, populist 

solutions that distract citizens from the path of decline they are on  (such as Ʉculture warsɅ 

that pit citizens against each other, proxy wars, and actual wars).  

3. Competition for solutions.  In the absence of relinquishing consumerism , the only viable 

solution is one of scientific and technological breakthroughs that allow consumption to 

continue  and expand  without adverse ecological consequences. This will need to replace 

the industrial generation of natural resources  and energy sources in particular, but also 

the activities that built it including jobs, entertainment,  and trade.  

The key determinants  of how long, steep and fast the decline in security and sustainability will be 

depends on  many factors, but of these one of the most fundamental is how quickly science and 

technology can fill the gaps that replace the old  model with new solutions, recognizing that the 

longer it takes the greater the risk that more and more of the planet and the worldɅs societies are 

irretrievably destroyed . The path to th e future era  involves crisis and requires great leadership 

and unprecedented risk -taking investments  in solutions . 

 

In summary  

Á The world is facing an unprecedented  series of interrelated political, social, economic, and 

environmental disruptions that threaten global peace and prosperity.  

Á These disruptions are ultimately surface phenomena of deeper and long -term transitions 

underway, including the emergence of a multi -polar world, the sustainability and energy 

transition, and the increasing embeddedness of digital technology and now AI acro ss 

industries , societies, and all aspect of human activity.  

Á The long-term transitions are the drivers of a global civilizational shift to the Information Age, 

which holds the promise of a superior future for the world in terms of peace, prosperity,  and 

human flourishing . 

Á However, the disruptions the world is facing point to potentially significant transition risks 

that must be managed for this future to be realised . 

Á Technology has perhaps the most critical role to play in allowing the world  to make a secure 

sustainable transition.  
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III.  Technology as the  Critical Change 

Agent  

 

Technology has a been a key driver of progress throughout human history , and its role in 

delivering a secure, sustainable,  and superior future for the world is a critical one.  Technology 

is one of the most important factors determining whether, and how, the world will achieve the 

SDGs, and access to technology has been recognized as core dimension of human security in 

its own right. Most importantly technology, particularly digital technology, is one of the 

primary engines of the civilizational shift underway. Among digital technologies, artificial 

intelligence is perhaps the most fundamental disruptor, with the potential to transform 

industries, societies and even the global order. Further, AϥɅs impact will only grow as progress 

in computing capacity continues to accelerate, and how the world engages with this  

technology will be key to unlocking its potential benefits.  

 

1. Technology and  the Civilizational Shift Underway  

Technology is a, if not the , key catalyst for the civilizational shift underway today. 35 Throughout 

history, technology has been instrumental in shaping revolutions in human culture, societies, and 

politics.36 The growth of knowledge has underpinned nearly all human progress,  with leaps in 

scientific understanding driving innovati ve and transformative  technolog ies and applications . 

Many social scientists have identified technology as the primary factor driving the development of 

all human civilization,37 and the modern world is inseparable from the technologies that have 

both created it and continue to suffuse it.   
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Figure 11: Technological Progress Creating the Modern World 38  

 

The progress that these technologies have cumulatively enabled for human flourishing in terms  of 

its impact on economies and markets, healthcare and medicine, energy and resource availability, 

and the diffusion of knowledge and know -how in the past two centuries alone has been 

staggering. 39 Technology has helped drive productivity growth  and prosperity , raising incomes 

and dramatically reducing poverty. It has also driven unprecedented  advances in healthcare and 

medicine, leading to a sharp reduction in  childhood mortality and increase s in life expectancy. It 

has also enabled humans to extract and use their natural resources more effectively, driving the 

growth of agricultural production and consequently  global population growth.  Finally, it has 

allowed humans to spread knowledge more easily, enabling the rapid increase in literacy. Thanks 

to technology, the world looks almost unrecognizable, and that too for the better, to the world 

that existed two centuries ago.  
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Figure 12: Two Centuries of Global Progress 40   

 

The term technology is utilized in this report in its broadest sense,  namely Ʉthe application of 

scientific knowledge and methods to the practical aims of human life . As such, it encompasses 

not just  tools but techniques and systems, too. These technologies are used with resources in 

processes and organizations to create value.  

Many of the most valuable technological innovation s in history have been those that have  focused 

on resources and energy, allowing the world to leverage a greater range of materials and to 

greater effect, or to harness more powerful 

or more functional sources of energy. In fact, 

all major leaps in global progress historically 

have been underpinned by  material science 

and energy breakth roughs, like the mass 

exploitation of fossil  fuels in the 18 th and 

19th centur ies or the use of electricity in the 

19th and 20 th  centuries. The biggest leaps in 

progress today in contrast are being driven 

by advances in information processing , 

The biggest leaps in progress today are 

being driven by advances in information 

processing, rather than natural 

resources, which makes sense given a 

more functional and sustainable energy 

is probably not one that can be dug out 

of the ground, it needs to be created in a 

laboratory with the application of 

advanced mathematics and physics. 
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rather than material and energy in the form of natural resources , which makes sense given that a 

more functional and sustainabl e form of  energy is probably not one that can be dug out of the 

ground, it needs to be created in a laboratory with the application of advanced mathematics and 

physics.  

The tools, techniques, systems and organizational processes  that deliver ɄtechnologyɅ have 

changed dramatically with the advent of the internet and are set to make a  further  leap in speed 

and complexity on the back of advanced computing technologies - including AI, blockchain, 

distributed and parallel processing, IoT, quantum computing and online global systems - that 

interlink everything in real time  in global network , and then will transform even more radically if, 

as many scientists believe, this network  becomes Ɉintelligent and self-awareɉ.  

 

2. Tech nology Ʌs Role in  a Sustainable, Secure, and 

Superior Future  

The worldɅs transition to the future is inextricably linked to technology and innovation, and 

whether such a future is indeed sustainable, secure, or superior to the status quo  depends very 

much on technolog ies available and how the world deploys them. 41  

 

Technology Ʌs role in delivering  sustainability  

The SDGs, a critical marker of the worldɅs long term sustainability transition , were adopted  by all 

193 UN member states  in 2015 and represent a  shared blueprint to achieve peace and 

prosperity for people and the planet  by 2030. As such their achievement underpin s further  

sustainable and equitable growth. However, 

at their halfway mark in 2023, the world is far 

off track in achieving these goals. Insufficient 

action, underinvestment, and the impacts of 

environmental, economic , and security 

shocks on an insufficiently resilient world are 

pushing the goals further out of reach , with 

none of the 17 SDG currently on track. 42 At 

current rates of development, rather than 

eradicating poverty and illiteracy by 2030, 

the world will still be home to over half a billion people living in extreme poverty , and to almost 

400 million young people unable to read and write .  

As a result of chronic underfunding, inflation and reduced FDI and ODA, the total funding need 

for the SDGs continues to grow such that annual spending levels on sustainable development 

estimated at US$4.5 trillion are failing to impact the total SDG funding need, which remains 

unchanged from last year at up to US$175 trillion, with one year less now available to achieve the 

goals.43 (See Research Process and Methodology for details.) 

The good news is that the SDGs require 

no fundamental technological 

breakthroughs to be achieved by 2030. 

The bad news is they require 

cooperation, collaboration, and the 

global application of local solutions at a 

time of increasing global rivalry and 

conflict. 
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The good news is that they require no fundamental technological breakthroughs to be achieved  

by 2030. The bad news is they require cooperation, collaboration, and  the global application of 

local solutions at a time of increasing global rivalry and conflict. The most powerful stakeholders 

that need to act in the short term to close this gap are governments, private sector corporations , 

and individuals. The 2023 Capital as a Force for Good Report identifies six solution areas that 

emerge from a detailed analy sis of the 169 targets underlying the SDGs and what it takes for 

them to be met. 44 The solution areas compromise policy, technology, public sector activities, 

infrastructure, private industry, and financial services , with any given target addressed by an SDG-

specific mix of these solution areas.   

Figure 13: Summary of Global Stakeholders in Capital 45 

Global Stakeholder Liquid Assets Owned, Controlled, or Administered  

Individuals (Households) US$255 trillion (owned) 

Governments US$185 trillion (owned) 

Private Sector Corporations US$57 trillion (controlled)  

Finance Industry US$387 trillion (fiduciary-managed) 

Source: Capital as a Force for Good 

The 2023 Capital as a Force for Good Report examined each SDG target  and its underlying 

indicator s to determine the potential solutions mix  for  a given goal, result ing in a percentage 

breakdown by solution area for the achievement of every SDG target. The results from this work 

are as follows (please see the Research Process and Methodology section of this report for 

details): 

1. Policy provides solutions for 27% (Base) to 36% (Stretch Case) of the goals.  

2. Public Sector  Activities can solve nearly 34% (Base) to 47% (Stretch Case) of the goals. 

3. Technology (Digital) solves for 19% (Base) to 37% (Stretch Case) of the goals.  

4. Infrastructure  solves for 9% (Base) to 14% (Stretch Case) of the goals. 

5. Private Industry solves for 11% (Base) to 18% (Stretch Case) of the goals. 

6. Financial Services directly solves for 2% (Base) to 4% (Stretch Case) of the goals, while the 

finance industry indirectly funds up to 73% of the solutions for the goals in the stretch 

case.  

Technology, much like capital, cuts across all these solution areas, as a core enabler of any 

process that is designed to further the goals. Given increasing global digitization, things like 

computing, communication, and connectivity technologies increase the efficiency, decision 

making and delivery capabilities of all the stakeholders deliver ing the goals, including policy 

makers, the public sector,  the private sector , and the financial services industry, among others.  
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Figure 14: Solutions for Meeting  and Exceeding the SDGs 46   

 

But technology, and what is broadly termed the Ʉtech sectorɅ, also plays a critical role in achieving 

a range of specific SDGs directly. Not only do several SDG targets explicitly call for the use of 

digital technologies, the UNɅs most recent work estimates that digital tech can directly impact 

about 70% of the 169 SDG targets.47 In aggregate, digital technology has the potential to solve for 

up to 37% of the goals, assuming that best -in-class innovations are fully deployed for each goal. 

Beyond digital technologies, meeting the SDGs will require the  mass deployment  of technolog ies 

addressing global health, education, financial inclusion, employment, sustainability , energy, and 

governance challenges, among others. 

While new inventions clearly have a role to 

play, in practice most  of the heavy lifting in 

meeting the SDGs will need to be done by 

the scaling of existing technologies. The 

scale of the SDGs and the short time 

frame for their achievement calls for 

technologies that are proven, robust, 

flexible, scalable, and low cost, and can be 

deployed rapidly in a manner tha t 

maximizes inclusion of the world at large, 

especially the two thirds of the world that 

the industrial revolution failed to adequately include in the progress it delivered , and who might 

well be even further left behind as we transition to the next technology inspired era .  

 

Beyond digital technologies, meeting the 

SDGs will require the mass deployment of 

technologies addressing global health, 

education, financial inclusion, 

employment, sustainability, energy, and 

governance challenges, among others. 

While new inventions clearly have a role to 

play, in practice most of the heavy lifting in 

meeting the SDGs will need to be done by 

existing technologies. 
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TechnologyɅs Role in Underwriting Human Security  

The social, political, economic, and technological upheavals accompanying the transition from one 

world system to its eventual successor are fueling rising levels of disorder  and risk, which in turn 

is giving rise to an increasing number of global security challenges. With security directly linked to 

survival, matters of ɄsecurityɅ are always a top priority for national leaders,  particularly over the 

short term, at the expense of virtually any other priority.  

Security broadly consists of protection from harm and resilience to its effects , but it can be 

defined on many levels, international , regional, state, communit y, and the individual. These reflect 

the relationship and interrelationship between peoples.  As a result, human security should be 

viewed as a complement to national and international  security, and aimed at safeguarding human 

rights and bolstering the other security  at the individual, community , and regional  levels through 

non-violent means to contrib ute to  enhanced stability and development.   

Human security as defined by the United Nations has historically included seven dimensions , 

including food security , environmental security, technology access, personal safety, community 

security, economic security, healthcare access, and political security.48 Technology has a critical 

role to play across all these dimensions  as an enabler, force multiplier, and as a direct contributor 

with targeted solutions. Given the power of technology as a tool to advance human security in all 

its dimensions, Ʉaccess to technologyɅ has recently been added as the eighth pillar of human 

security in its own right. 49  

Figure 15: Technology and Human Security 50  

  

 

Food Security. Technology aids in producing nutritious food more efficiently with less waste, 

water, and land, and is accessible to all people. From growing to distributing food, innovative 

tech can bring the necessary dietary needs to all communities.  

 

Access to Healthcare. Innovation that improves patient care and health outcomes. 

Technologies include health products/services that empower individuals to have more control 

over their health as well as access to health care in remote settings.  

 

Economic Security. Innovation that creates a pipeline for new companies, ideas, and job 

opportunities. These technologies enable entrepreneurs to start a business, run a business 

and offer opportunities for meaningful work at a fair wage.   

 

Environmental Protection.  Technology creates a path to a more sustainable future. Innovation 

helps to reduce our environmental footprint and better harness climate -friendly energy 

resources while introducing novel approaches to limiting waste.  

 

Personal Safety & Mobility. Focused on technologies that keeps individuals, their finances, 

data, and privacy safe. In addition, this includes solutions for individuals to move freely about. 

This includes innovation such as blockchain-enabled tech, technologies that limit risk for 

personal wellbeing and accessible modes of transportation.  
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Community Security. Technology enables access to information, education and provides 

services that keep communities safe. These technologies provide better emergency services 

for citizens or deployment of wireless broadband in remote areas.  

 

Political Freedom. Innovation empowers governments and citizens to connect and share 

information freely and fairly. Constituencies equipped with tools that strengthen self -

determination can prosper peacefully.   

 

Access to Technology. As one of the most powerful tools enhancing the human experience 

today, technology at its core helps us do more with less. Having access supports communities 

worldwide in the sharing of vital information related to combating disease, ensuring 

sustainable food practices, energy efficiency, access to clean water, and so much more. 

Source: Human Security for All (HS4A) campaign 

 

 

Given technologyɅs impact on human security is closely tied to its impact on sustainability, 

unsurprising given both ultimately  serve to underpin human flourishing, the 17 SDGs, are closely 

intertwined with the eight pillars of human security. as laid out below. 

Figure 16: Human Security and the SDGs 51  

 

Following decades of relative stability, individual  security is declining rapidly. Since 2020 alone, 43 

countries have seen a significant increase in the risk posed to human security as measured by the 

Human Security Index, negatively impacting the economic, environmental, and social prospects of 

a significant number of people across the world. This deterioration is being driven by challenges 

at the level of national politics as well as international security . Powerful states have been swept 

by populist leaders stoking and playing to peopleɅs fears at home, increasingly retrenching from 

international commitments, and reducing international collaboration . The resulting  rising 

geopolitical disorder is leading to a refocus on the more traditional state and international level 

definition  of security, meaning security and defense. The key aspects of this are:  
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¶ Physical Security ɀ Weapons Can Destroy or Defend.  Conventional and nuclear arms are 

seen by leading nations as integral to the global security order but  are of course also tools of 

mass killings and destruction. Total global military expenditure grew faster than global GDP in 

2022, increasing by US$80 billion to exceed US$2.2 trillion,52 while state-based conflict 

related deaths reached a 28 year high of 237,000.53  

¶ Cybersecurity ɀ Technology to Undermin e the Physical Order .  Cybertechnologies are 

asymmetric in their ability to cause large scale harm  relative to the level of investment 

required to build them , leading to a Ʉdemocratization of destructionɅ in which less powerful 

countries can represent massive global security threats. Countries like Iran and Vietnam are 

ranked among the top ten global cyber -powers based on intent and capability, 54 despite 

neither country being among the worldɅs 30 largest economies or military spenders.55 

¶ Information  Security - Technology to Impact Integrity of the State. Digital Information and 

communications have a critical impact on  public opinion , decision making, spreading critical 

information and fake news with equal speed. Information security is becoming increasingly 

central to national security, with digital technology being used in nearly 90% of identified 

cases of national election interference. 56 

¶ Energy Security ɀ (Lack of) Technology Sharing to Drive the Energy Transition. Other than for 

the dozen or so major countries that are net exporters of (mainly fossil fuel) energy, long -

term energy security will require  the mass deployment  of renewable technologies. Based on 

current projections however, t he share of fossil fuels in the global energy mix  will remain just 

above 60% in 2050 implying the need for accelerated investments. 57 

¶ Economic Security ɀ Technology to Destroy and Replace Technology. Economic security is 

closely tied to a stateɅs command of the resources required to achieve national goals, 

including the flourishing of its citizens and all other aspects of security in the long run too.  

Digital technology ɀ in the form of IT spending, e-commerce, and the output of digital 

industries, among others ɀ is an increasing driver of global economic growth and  is expected 

to reach US$23 trillion (or c.21% of global GDP) by 2025.58  

Given the fact that technology is inextricably linked to each of the se security risks, countries  

around the world  are increasingly recognizing that innovation and access to technology are 

central to national security. 59 The resulting competition is a key impetus not just for the scaling of 

existing commercial technologies but also for innovations across emerging, technologies that are 

only beginning to impact the world but have 

the potential to fundamentally transform it 

over the longer run. Among these, AI stands 

out as perhaps the most critical  one, cutting 

across and impacting all the elements of global 

security laid out above  as a potential source of 

both progress and risk  by enabling more 

effective destruction and defense as well as 

greater economic progress and inequity in 

The estimate of total potential 

economic benefit of AI is currently 

estimated at up to US$26 trillion 

annually, (a potential gross increase 

of global GDP of 25%) Ɏ   however, AI 

and the automation it enables is also 

estimated to place nearly 30% of jobs 

across OECD countries at risk. 
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that . In terms of economic impact for example, the total potential economic benefit of AI is 

currently estimated at up to US$26 trillion annually, (or a potential gross increase of global GDP of 

25%).60 However, AI and the automation it enables is also estimated to place nearly 30% of jobs 

across OECD countries at risk, implying potentially costly and long term labor and economic 

dislocations that will eat into AϥɅs benefits, and have profound political effects . AϥɅs impact across 

the other dimensions of security promises to be on a similar scale, making the technology a 

strategic national priority for every country in the world.  

 

Technology Ʌs Role in Creating a Superior Future  

Perhaps most self-evidently, technology creates the future . While global security is needed to create 

the stability required for long -term sustainability, and sustainability is needed to level up the world 

and enable a just transition for the world, technologyɅs biggest impact will be to drive this transition 

and to determine the shape the world to come . For this world  to be a superior one, it will need to 

be more peaceful, more prosperous, and more equitable than the present. This will require 

overcoming some of the greatest challenges that humanity faces today, be they economic, 

environmental, geopolitical, or societa l.  

Every human endeavor is set to be re-shaped by technology in creating this future. Such a future 

would be radically different from today in terms of how people live,  societies work, politics operates, 

economies are structured, industries create value , and how states function . The features of a 

superior future based on our current world, and predicated on the direction of technological 

innovation includ e:  

Á Digital Technology. The blurring of the boundaries between the physical, digital, and 

biological spheres creates new possibilities to address major global issues in the physical 

world , and new opportunities for everything affecting life.  

Á Energy. New energy sources replace carbon, with fusion and its derivatives being the 

most likely near-term prospect for commercialization, providing an abundant, clean , and 

near-free energy source.  

Á Virtualization.  The metaverse creates a shift in the human paradigm itself through the 

widespread adoption of virtual, augmented, and mixed reality platforms, with global 

economic and social activity increasingly also occupying digital spaces. 

Á Materials. Breakthroughs in material sciences replace the need for the extraction of finite 

natural resources with sustainable and cost -effective synthetic alternatives.   

Á Industry.  Increasing automation, material breakthroughs and abundant near -free energy 

allows for nearly limitless scaling that drives down the marginal costs of production 

towards zero.  

Á Finance. The adoption of a pervasive distributed form of capitalism that drives mass 

inclusion, while renewing and reinventing global trade dramatically reduc es the need for 

centralized control and financial intermedia tion . 
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Á People. People empowered by technology are provided access to opportunities 

regardless of time, space, geography, demography, gender, race, or income levels. 

Á Space. The leveraging of space becomes far more possible with a new energy source 

providing access to new resources, and new territories to live in, driv ing massive 

innovations of their own along the way.  

Underpinning the developments laid out above are a series of future technological breakthroughs 

based on quantum leaps in scientific understanding  from todayɅs levels. These leaps will require 

significant research and innovation in artificial intelligence, computing, and data sciences, 

alongside energy, material sciences, engineering, and life sciences. 

 

3. Digital Intelligence and AI at the core for the 

future  

Digital Technology and Early AI Drivers of Progress  

While all forms of technology have the potential to drive human progress, digital technology has 

an outsized role to play in the shift to the next civilization currently underway. Digital technology, 

being the electronic tools, systems, devices, and resources that generate, store or process data , is 

increasingly augmenting, transforming, and then becoming integral and embedded across all 

aspects of the economy and society. The advances and breakthroughs being made today in areas 

like electric vehicle design or precision medicine are only possible due to the applic ation of 

advanced digital technologies.  

Figure 17: Digital Everything 61 
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Having transformed the way the world thinks about and delivers health, finance, education, 

entertainment, and commerce (among others) over the past twenty years, digital technologies are 

now transforming material sciences, energy, manufacturing, construction, and biology, a trend 

line that would ultimately culminate in a world where digital and physical reality achieve parity, a 

possibility that would  become more likely should digital entities realize conscious awareness.  

Digital progress has seen exponential  growth ; computing power, speed and cost -efficiency has 

been doubling every 24 months since the 1960s 62 while data storage improvements have 

exceeded these growth rates by 800%. 63 This massive increase in capabilities has enabled 

increasingly rapid advances in AI, whose 

impact on the world promises to be several 

orders of magnitude greater than that which 

digitization has had to date, enabling, 

disrupt ing and redefining our virtual and 

physical reality. While digitization on its own 

enables communication, increases access to 

information, and drives productivity, AI 

increases the number of intelligent agents 

capable of pursuing goals in the world, 

imbuing machines with the ability to interpret information, make decision s and take actions, 

augmenting and in many cases potentially replacing human decision making.  Critically, AI also 

accelerates scientific research, aiding in complex simulations, data analysis, and modelling, 

advancing our scientific understanding a nd allowing for more and faster breakthroughs across all 

areas of technology innovation.  

 

Artificial Intelligence Set to Transform the World  

The past and potential future evolution of AI and its key inflection points ɀ its transition from a 

tool used by humans  to a self-learning technology that is smarter than humans and capable of 

driving their behavior ɀ can be described as a series of incarnations.  

Incarnation 1: Tool (2000-2012) 

The early development of AI was largely focused around harnessing the explosion of various new 

forms of structured and unstructured data to build large datasets, and the development of 

algorithms that could analyze those datasets using reasoning and logic to address defined 

problem statements. Over the decade, these algorithms evolved from doing descriptive and 

diagnostic data analysis towards predictive and prescriptive analytics which enabled a range of 

consumer and enterprise use cases. 

Perhaps the most notable application of this was GoogleɅs search algorithms which effectively 

retrieved information from an indexed library of billions of pages of web content and presented 

results and answers to queries to its users. The algorithm was so effective that it led to Google 

dominating the search market with the number of searches growing over 100x from 9.2 billion in 

In creating a superior future, AI 

increases the number of intelligent 

agents capable of pursuing goals in the 

world, imbuing machines with the 

ability to interpret information, make 

decisions and take actions, augmenting 

and in many cases potentially replacing 

human decision making. 
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2000 to 1.0 trillion by 2010 and estimated to have further grown to over 2.0 trillion searches 

annually currently. 64 

Incarnation 2: Human Mimic (2012-2022) 

The progress being made by AI systems has been accelerating rapidly. For many decades, 

computing costs and power limitations set an effective ceiling on AI technology, which was largely 

based on 'symbolic AIɅ, using predefined rules and symbolic representations to mimic logical 

reasoning, and relying heavily on human-defined structures and knowledge. In contrast, the 

1990s saw the rise of machine learning, which uses statistical methods to enable machines to 

improve at tasks with experience, primarily through pattern recognition and inference from data, 

without explicitly programmed instructions .  

The past decade on the other hand, has seen the rapid development and advancement of Ʉdeep 

learningɅ models based on artificial neural networks inspired by the human brain which used 

multiple ɄlayersɅ to extract progressively better -quality output from raw data. 65 These models were 

applied to a range of use -cases including natural language processing, speech recognition, 

computer vision, and machine translation to produce results comparable to human performance.  

This in turn has given rise to generative AI, specifically large language models (ɈLLMsɉ), which 

leverage ɄTransformerɅ architecture - a neural network design that that uses advanced techniques 

to understand and generate text - and have become the preferred model for natural language 

processing. These LLMs can perform a wide range of natural language processing tasks including 

generating human -like text, answering questions (including discerning the intent behind a 

question), translating, and summarizing text, and determining the sentiment or emotions in a 

particular piece of text.  

Incarnation 3: Student-Teacher (2023) 

Recent versions of OpenAϥɅs ChatGPT, the most widely used LLM globally, can be trained for 

multiple complex tasks and industrial applications, including specialized knowledge, currently the 

domain of human experts . For example, the self-learning capabilities of generative  AI is seeing 

LLMs rapidly evolve from sub to superhuman performance across a range of academic and 

professional arenas, While OpenAϥɅs GPT3.5 model, launched in November 2022 still scored near 

the bottom of the student cohort across mos t tests, GPT4.0 which was introduced only five 

months later already ranks in the top quintile across most exams.  
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Figure 18: GPT Performance on Professional and Academic Exams (Percentile Rank) 66 

 

 

Incarnation 4: Polymath (2024 -?)  

Generative AϥɅs capacity to outperform humans across a wide variety of disciplines alongside its 

ability to  seamlessly communicate with machines creates the potential for it to replace humans 

across a staggering range of tasks. As many as two-thirds of human occupations are exposed to 

some degree of automation by AI for some or all their workloads 67.  

Figure 19: AI and Job Displacement 68 
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Administrative and professional jobs are the most exposed  initially, but physical tasks will be 

increasingly automated as well as AI increasingly combines with robotics . Recent estimates suggest 

that  up to one third of all jobs currently being done the industrialized world can be automation by 

AI.  

While this automation is expected to boost productivity by as much as 1.5% annually over a ten-

year period, (like the boost provided by earlier transformative technologies like the electric motor 

and personal computer 69), it is estimated that it could displace 300 million  workers around the 

world as well.70 

Incarnation 5: Superior  

The impact that AI has will only continue to grow as AI systems continue to grow in capabilities 

and computing capacity. As AI learns to complete more and more human tasks and becomes 

more and more intelligent, the prospect of AI reaching the point where it becomes smarter than 

humans and achieves ɄArtificial General ϥntelligenceɅ (AGI) becomes a reality. In this paradigm, AI is 

an autonomous system that can accomplish any task that humans can perform, better than 

humans.  

A survey of 356 AI experts indicated that more than half of them believe that the year in which 

Ɉthere is a 50% chance that human-level artificial intelligence existsɉ will be 2060 or sooner , and a 

quarter of them believe that it could be before 2040 71. And the recent developments in generative 

AI suggest that this possibility remains  very much on track and may even have accelerated, with 

some experts predicting that AGI may now be achieved within the next decade 72.  

 

Figure 20: The Exponential Growth of Computing Power 73 

 

The progression of AI once machine intelligence surpasses human intelligence (a point 

sometimes referred to as the ɄSingularityɄ) is inherently difficult to imagine or predict.  

Today, almost every major digital system used by humans is networked, and these systems are 

carrying an increasing share of the worldɅs content,  including the internet, communications, social 

Approaching the óSingularityô

Source: Ray Kurzweil, Kurzweil Technologies Inc.
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media, entertainment  and political information , and running an increasing share of the worldɅs 

critical processes, including  financial transactions , education, healthcare, production 

management, corporate functions, government functions, international trade, environmental 

monitoring, and defense and security intelligence. AI already taps into many of these systems and 

their data to perform. An AI that has increasing awareness of its presence and purpose in each of 

these systems would effectively be an artificial superintelligence  with the potential to transfer 

goals from one system to another , and potentially setting its own goals which may not align with  

those of its designers. This so-called Ʉalignment problemɅ gives rise to the need for control over 

the development of Aϥ which is a task that has only just begun and whoɅs feasibility depends on 

human interested parties being aligned on their common security concerns, a diffic ult task 

indeed.  

 

Using  AI to Drive SDG Performance , an Overview  

While the various incarnations  of AI play out, and the world works through how to manage th ese, 

AI is likely the smartest tool to drive the SDGs and close the gap  in their achievement . 

As a tool with near universal applicability, AϥɅs potential impact on both security and sustainability 

over the near term  is far reaching. In terms of security, the benefits are immediate: AI can analyze 

vast amounts of data to predict potential conflicts, natural disasters, or other security threats, 

enabling preventive measures to be taken for planning and coordination of effective responses, 

for example, by optimizing the distribution of humanitarian aid, or by analyzing damage to 

coordinate relief effor ts more effectively. Further technologies like facial recognition, and 

automated data analysis can enhance the ability to monitor high -risk areas for potential threats, 

helping to prevent crimes or terrorist activities. Finally , AI can help in detecting and responding to 

cyber-attacks as these become more sophisticated, protecting critical infrastructure and sensitive 

data. 

In terms of sustainability AI can act as a critical enabler of 79% of the 169 targets underlying the 

SDGs, driving societal, economic, and environmental outcomes in near equal measure. 74  

Importantly AI has the potential to positively impact all 17 of the SDGs in multiple ways, as 

illustrated in the table below, which itself was produced using a generative AI model . 
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Figure 21: AI and the SDGs 75 

SDG AI Impact Potential 

 

Á Predictive analytics to identify regions at risk of poverty.  

Á AI-driven agricultural technologies to increase crop yields for small farmers.  

Á Automating and improving the efficiency of aid distribution.  

 

Á Precision agriculture for optimizing food production and reducing waste.  

Á AI in supply chain management to reduce food spoilage.  

Á Development of AI-based nutritional planning tools . 

 

Á AI in diagnostics to improve disease detection and treatment.  

Á Personalized medicine for tailored healthcare solutions.  

Á AI-driven research in drug discovery and epidemic tracking.  

 

Á Adaptive learning platforms for personalized education.  

Á AI tools for language translation to overcome education barriers.  

Á Analysing educational data to improve teaching methods.  

 

Á AI algorithms to identify and reduce gender biases in hiring.  

Á AI-driven platforms to support women entrepreneurs.  

Á Analysing data to better understand and address gender disparities . 

 

Á AI for monitoring and predicting water quality issues.  

Á Optimization of water distribution systems in urban areas.  

Á AI in wastewater treatment processes for better efficiency.  

 

Á AI in optimizing renewable energy sources. 

Á Predictive maintenance for energy infrastructure.  

Á Enhancing energy efficiency in buildings and industries.  

 

Á AI-driven job market analytics for skill development.  

Á Automation to increase productivity and create new job opportunities.  

Á AI tools for small businesses to access markets and finance. 

 

Á AI in predictive maintenance for industrial machinery.  

Á Facilitating research and development through AI -driven insights. 

Á Enhancing logistics and supply chain efficiencies. 

 

Á AI in financial services to provide credit access to the underserved.  

Á AI-driven educational tools for marginalized communities.  

Á Enhancing accessibility technologies for people with disabilities.  

 

Á AI in urban planning for sustainable and efficient cities.  

Á AI-driven traffic management and public transport optimization.  

Á Enhancing public safety through smart surveillance systems.  

 

Á AI in supply chains to promote ethical sourcing and reduce waste.  

Á AI tools for lifecycle assessment of products.  

Á Automation in recycling processes. 

 

Á AI in climate modeling and forecasting.  

Á AI-driven solutions for carbon footprint reduction.  

Á Enhancing the efficiency of climate change mitigation strategies.  

 

Á AI for monitoring and protecting ocean biodiversity.  

Á Predictive analytics for sustainable fishing practices. 

Á AI in studying and mitigating the effects of ocean acidification.  

 

Á AI in wildlife tracking and habitat protection.  

Á Predictive tools for forest fire prevention.  

Á AI-driven land -use planning for sustainable development.  

 

Á AI in crime prediction and prevention.  

Á Enhancing legal research and access to justice through AI tools. 

Á AI-driven systems for monitoring and preventing corruption.  

 

Á AI to analyze and optimize international aid.  

Á Facilitating cross-border collaboration through AI -driven platforms.  

Á Enhancing global data sharing and analysis for informed decision -making. 

Source: OpenAI 
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Conclusion : Secure AI is a Requirement for its Use in Realizing a Secure, Sustainable and 

Superior Future  

The overlapping and sometimes competing use-cases for AI across sustainability, security and the 

creation of a superior future are complex. In the long run these three objectives are of course 

more or less perfectly aligned: an unsecure or 

unsustainable future cannot be a superior one, 

just like an unsustainable world cannot be 

secure, and vice versa. However, in the short 

term there will likely be many trade -offs to be 

made, between a technologyɅs use for good or 

for harm, between it s benefit and its costs, and 

in terms of the prioritization between 

sustainability, security, and a superior future in 

the face of global resource and capacity 

constraints.  

There is a growing tension between the power of technology to do good, its uneven distribution 

across countries making it an uneven arbiter of benefits, its power to be used as a weapon, and 

the potential for its negative consequences to dislocate societie s and the world order with it.   

Given its immense potential power, the future that AI  creates can range from utopian to 

dystopian. Its double -edged nature is evident in dichotomies such as: 

Á Its productivity benefits come with employment  dislocations that risk increasing inequality.  

Á In terms of sustainability, it is estimated to enable 134 targets across all the goals as 

stated above, but it is also estimated to inhibit 59 targets.  

Á AI can enhance digital security, but it can also enable mass surveillance and the erosion of 

personal privacy, and so in the hands of authoritarian regimes, it can be a tool for social 

control and repression.  

Á AI can generate, process, and deliver critical information to aid performance but it can also 

generate fake news, misinformation and deep fakes that undermine social cohesion and 

political participation.  

Á And while it can enhance human security it can also be used to power autonomous 

weapon systems with unrivalled killing potential.  

The enormous potential and risk of technology and AI necessitates the development of robust 

technology safety and governance measures, ensuring that these technologies are developed and 

deployed responsibly, with consideration for their economic, societal, and environmental  impact 

as well as individual rights. Furthermore, AI safety and governance are vital for the sustainable 

and beneficial integration of AI across society and industries.  

Each of these considerations calls for a global alignment to create appropriate  policies and 

regulation, and there are an increasing number of national and international initiatives that are 

In creating a superior future, AI 

increases the number of intelligent 

agents capable of pursuing goals in the 

world, imbuing machines with the 

ability to interpret information, make 

decisions and take actions, augmenting 

and in many cases potentially replacing 

human decision making. 
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looking to create global governance regimes around key digital technologies and their use. 

However, major countries today remain at various stages of evolving their approach to  AI 

regulation, and many have differing views of how best to do it. Major efforts include the following:  

 Figure 22: Global AI Governance Effort s ɀ A Snapshot 76 

Regulation 

Regulatory 

Body/Country  Status Summary 

Artificial Intelligence Act European Union  Active The AI Act is a comprehensive legal framework that will 

regulate the development, deployment,  and use of AI 

systems in the European Union based on their level of risk 

to human health, safety, and fundamental rights  

Executive Order on the 

Safe, Secure, and 

Trustworthy 

Development and Use 

of Artificial Intelligence  

United States Active The Executive Order on AI directs various agencies to 

develop guidelines and standards for high -risk AI systems 

such as facial recognition, healthcare algorithms and 

autonomous weapons  

Artificial Intelligence 

and Data Act 

Canada Proposed The Artificial Intelligence and Data Act establishes a 

comprehensive EU framework for regulating high -risk AI 

systems, prioritizing safety, fairness, mandating rigorous 

risk assessments and human for potentially harmful AI 

applications. 

Next Generation 

Artificial Intelligence 

Development Plan 

China Active Algorithmic recommendation systems management, 

including provisions on content management, tagging or 

labelling, transparency, data protection and fair practices.  

"Deep synthesis" technology regulation, in particular to 

combat deep fakes 

Global AI Governance 

Initiative 

China-led Active The Global AI Governance Initiative proposes collaborative 

international efforts to foster responsible AI development. 

It emphasizes adherence to human values, open-source 

knowledge sharing, and agile governance frameworks.  

AI Principles and a 

Code of Conduct 

G7 group of 

countries  

Active The AI Principles and Code of Conduct advocates for risk-

based assessments, user rights, and robust safety 

measures to promote transparency, environmental 

sustainability, and continuous improvement of AI.   

The Global Partnership 

on Artificial 

Intelligence (GPAI)  

Transnational 

organization 

under OECD 

Active Promotion of international cooperation and coordination 

on responsible AI development and usage 

 UNICRI Centre for AI 

and Robotics 

United Nations   Active UNICRI's Centre for AI and Robotics promotes  responsible 

AI for a safer future through education, research, and 

collaboration, ensuring its benefits contribute to a just and 

equitable world.  

 

If politicians can work with other stakeholders to define the control and limits of this powerful 

technology in a comprehensive global agreement with far greater safeguards than the most 
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destructive technologies  known to man, nuclear weapons, technologists, and users from all walks 

of life can play their role in ensuring that humankind can actually deliver secure sustainability and 

a just transition to the future  while avoiding the pitfalls . This is clearly a challenging ask and likely 

given the power that AI provides in terms of power, conquest, and wealth creation, among other 

human goals, it will require a global agreement of the level of the  Non-Proliferation Treaty.   

 

In summary  

Á Technology is the key catalyst for progress, the key driver of civilizational change throughout 

human history, and the transition to the future is inextricably linked to technolog ical 

innovation, both for solving short term challenges and for building a superior world , in the 

longer-term  

Á Technology, particularly digital technology, has been recognized as a critical enabler to 

achieving the UN SDGs, and a core pillar of human security. 

Á The creation of a superior future for the world depends on the achievement of a series of 

innovation breakthroughs across AI, computing,  and data sciences, but also energy, material 

sciences and life sciences. 

Á AI has a critical role to play throughout this transition and beyond, and given its potential for 

unprecedented progress and destruction, requires a global agreement on how best to 

manage it. 

Á If an appropriate charter and safeguards can be agreed between all nations for all peoples, AI 

opens the way to supporting humankind  in addressing the major challenges and unlocking 

the major opportunities ahead.  
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IV. Key Technologies for a Sustainable, 

Secure, and Superior Future  

 

The transition to the future is being driven by the Fourth Industrial Revolution and its  fusion 

of technologies that blur the lines between the physical, digital, and biological spheres . This 

revolution in turn is being built by 19 core technologies , described in the 2023 Technology as 

a Force for Good report. These digital and digitally enabled technologies span IT, industrials, 

energy, virtualization, materials and resources, space (and aeronautics) and health , and are 

the building blocks for both a superior future and for the secure and sustainable transition to 

it. With the world seemingly on the verge of critical breakthroughs across many of these 

technologies, global tech leaders' engagement with these buil ding blocks continues to 

increase, with the worldɅs largest and most innovative companies positioning to be the future 

leaders across one or more of these 19 core technologies.   

 

1. The Fourth Industrial Revolution and its Building 

Blocks  

We are in the midst of a transition which through scientific and technological breakthroughs will 

create a whole new civilization. The growth of human knowledge, which lies at the core of all 

technology and innovation, is a continuous process , as is the progress it delivers. However , this 

progress is not uniform in nature . Steady growth is punctuated by periods of rapid change, in 

which a series of interrelated technological  breakthroughs disrupt  prevailing paradigms, driving 

accelerated growth, and fundamentally transforming societies. If these breakthroughs, or 
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revolutions, are big enough they can drive a global civilizational shift that creates a new era for the 

world.  

The last such shift was initially triggered as part of the advent of the Industrial Age  c.250 years 

ago, its first part was t he First Industrial Revolution  commencing in the late 18th century in Britain, 

which rapidly transitioned Northern Europe an 

states from agrarian economies to 

industrialized ones. This era was defined by 

the introduction of machinery and the steam 

engine. The use of coal as a primary energy 

source replaced traditional methods like wind, 

water, and animal power, signifying a major 

shift in energy utilization. This not only 

revolutionized manufacturing but also 

transformed transportation with the 

development of the steam locomotive and 

steamship. It was followed by a Second Industrial Revolution spanning the late 19th to early 20th 

centuries. This second revolution drove profound social, political , and economic change for the 

world, ushering in the next phase of the  Industrial Age and spreading it across the  globe. It was 

characterized by the emergence of new technologies in electricity, in the form of e lectrical lighting 

and power, mass manufacturing with the assembly line, as well as communications innovations 

such as the telephone and telegraph , and the internal combustion engine, facilitat ing the 

development of automobiles and airplane s, significantly altering the dynamics of transportation 

and urbanization.  This advanced the European economies and enabled them to create colonies 

across the world.  

The transition from the Industrial Age to The Information Age, began in the 1950s in what is 

sometimes referred to as The Third Industrial Revolution, or the Digital Revolution, which marks 

the initial transition from the Industrial Age to the Information  Age, with information technology 

replacing manufacturing as the primary driver of economic value. This revolution was marked by 

the transition from analog ue electronic and mechanical devices to digital technology. The 

computer was at the forefront of this transformation, and digital technologies have since 

reshaped every aspect of modern life, from healthcare to education, and from commerce to 

personal interactions.  

Today, the world is in the next phase of the Information Age, (sometimes misleadingly referred to 

as the Fourth Industrial Revolution), one in which the full economic, social, and environmental 

impact of information technology will unfold. This revolution is being driven by a set of 

technologies that is blurring the boundaries between the physical, digital, and biological spheres. 

Critically the Fourth Industrial Revolution is being shaped by the integration of digital intelligence 

into physical (and biological) systems.  

The technologies rising in this Age are already reshaping industries, economies, and societies. 

Moreover, it has the potential to deliver sustainability, security, and a superior future for the 
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world. It promises increased productivity, improved health outcomes, and enhanced quality of life, 

but also raises questions regarding privacy, security, job displacement, and the ethical 

implications of emerging technologies that will need to be addressed . 

The 2023 Technology as a Force for Good Report identified 19 ɄdisruptiveɅ technologies at the 

core of the Fourth Industrial Revolution, these 19 technologies emerged from a detailed analysis 

of the worldɅs 100 leading digital technology 

companies, which collectively generate annual  

revenues of US$3.7 trillion, representing by 

some estimates over two thirds of the global 

tech industry . Many of these companies are 

driving the innovation and  technologies which 

are blurring of boundaries between industries. 

An analysis of their strategies, research 

programs and initiatives, partnerships, 

investments and product and service roadmaps revealed an emphasis on 19 distinct technologies 

across IT, industrials, energy, virtualization, materials and resources, space (and aeronautics) and 

health, which together represent the building blocks of the f uture. These include the following: 

Figure 23: Core Technologies of The Fourth Industrial Revolution 77 

 

These building blocks can loosely be grouped as belonging to a series of traditional industry 

sectors like industrials, energy, IT, and others, but given the integrated nature of the change 

underway their impact is much wider than impacting a single industry. Further, these blocks 

interact with one  other and are often deployed in innovative combinations. For example, one of 

nanotechɅs biggest current use cases is the manufacturing of solar panels, and data analytics is 

19 ɄdisruptiveɅ technologies are being 

heavily competed for in a bid to drive 

the innovations which are blurring 

the boundaries between industries 

and create a superior future 
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essential to consumer industries, and AI is integral to the management of smart grids. Together 

these 19 core technologies are the building blocks for the delivery of sustainability, security, and a 

superior future, and the major technology solutions focused on these areas draw heavily on mix 

of these 19 technologies. 

 

2. Core Technologies Driving Security, Sustainability , 

and A Superior Future  

The 19 core technologies potential impact on sustainability and human security in the near term 

varies significantly but  have a positive contribution to make. In practice, sustainability and security 

priorities overlap significantly, covering food security, human health, energy security, mobility, and 

environmental security. While the issues of education and financial inclusion are primarily  

regarded a matter of sustainability, security 

also includes  community security, covering 

cultures, values, and the protection of 

minorities, as well as political security, 

concerned with protection of human rights 

and the well-being of all people.  

Unsurprisingly, the 19 core technologies also 

have a more fundamental, longer-term  role to 

play the world, being critical elements 

required to create a superior future.  As stated 

earlier, a superior future will involve radical 

changes across eight core aspects, including digital technology, energy usage, virtualization (and 

reality), materials science advances, industrial transformation, decentralized finance, empowered 

people, and the accessing of space.   

Today, we appear to be at a pivotal moment  in history  given the world is on the brink of 

breakthroughs in AI, quantum  computing , nanotech, genetics, and fusion, each of which 

individually have radical transformative potential . Collectively, these breakthroughs can 

fundamentally reshape the world,  

The chart below captures the 19 core technologies and their role in delivering secure 

sustainability on the one hand, and a superior future on the other hand .  

 

 

  

Today, we appear to be at a pivotal 

moment in history given the world is on 

the brink of breakthroughs in AI, 

quantum computing, nanotech, 

genetics, and fusion, each of which 

individually have radical transformative 

potential Ɏ collectively, these 

breakthroughs can fundamentally 

reshape the world. 
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Figure 24: Delivering Secure Sustainability and a Superior Future 78 

 

 

3. Breakthroughs and Innovations Underway  

Importantly, the leaders and innovators driving these 19 core technologies include both tech and 

non-tech companies, with the latterɅs origins lying in engineering, manufacturing, industrials , 

medicine, and energy. The nature of the breakthroughs and innovations being pursued (and 

achieved) by these leaders varies and includes everything from fundamental scientific innovations 

that will take years if not decades to commercialize (for example the build out of nuclear fusion 

reactors), to scaled investments that are already driving mass adoption (for example, in electric 

vehicles and eMobility solutions). 

Identifying the most innovative breakthroughs therefore requires a technology -by-technology 

view, assessing the respective technology leadersɅ R&D, business development, investments, 

products and services, M&A, and strategic activities against each of the 19 core technologiesɅ 

potential impact on secure sustainability and a superior future. The picture that emerges  from a 

selection of the innovations and innovators for each of the 19 technologies  is one of a world on 

the cusp of major breakthroughs  to a new age.   
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1. Artificial Intelligence  

Impact on Secure Sustainability: 

¶ Smarter  and automated  decision-

making 

¶ Optimized resource use 

¶ Data driven insights  

¶ Productivity convergence for 

developing countries  

Impact on Superior Future:  

¶ Automation of complex tasks  

¶ Enhanced research and 

development  

¶ Complex problem solving  

¶ Optimized resource management  

Key Breakthrough: OpenAϥɅs Generative Aϥ Revolution 

OpenAϥɅs ChatGPT models are the first generative Aϥ models 

available to the public and  are already being used in a range of 

commercial applications including customer service, software 

coding, content creation, education, and training, amongst others . 

Other Breakthrough Areas:  NVIDIA is developing advanced chips 

to increase their  processing power  for AI application, and MistralAI 

is developing a fully open source LLM, which is expected to 

further democratize access to key AI tools globally. 

 

2. Big Data Analytics 

Impact on Secure Sustainability: 

¶ Pattern and trend identification  

¶ Advanced threat detection  

¶ Enhanced decision-making and 

resource management  

Impact on Superior Future:  

¶ Transformation of decision 

making 

¶ Real time predictions  

¶ Mass personalization  

Key Breakthrough: Edge Computing from Amazon, Microsoft, 

Alphabet, Intel, Oracle, and Tech Industry Giants  

Tech industry leaders have shifted towards edge computing 

platforms that enable data to be stored and processed closer to 

where it is generated, allowing big data to be processed at higher 

speeds and volumes, thus enabling real -time analytics. 

Other Breakthrough Areas: Augmented analytics, by companies 

like Tableau, SAS Institute and TIBCO, leverage AI and machine 

learning to improve data preparation, insight generation and 

insight explanation to make big data analytics accessible to non-

technically trained professionals.  

 

 



Technology as a Force for Good, 2024 Report 

 

 62 

3. Quantum Computing  

Impact on Secure Sustainability: 

¶ Complex problem solving and 

modelling  

¶ Enhanced encryption  

Impact on Superior Future:  

¶ New life-saving treatments and 

therapies unlocked through 

quantum modeling of chemical 

reactions  

¶ Material science breakthroughs 

through quantum modeling  

 

Key Breakthrough: IBM Achieving Quantum Supremacy 

ϥBMɅs 127-qubit Eagle quantum computer has recently achieved 

quantum supremacy, outperforming a supercomputer to solve a 

complex practical math problem.  

Other Breakthrough Areas:  GoogleɅs QuantumAI advances of 

quantum error correction, essential for building large -scale 

quantum computers, or MicrosoftɅs Azure Quantum  programɅs 

breakthroughs in building scalable topological qubits .  

 

4. Internet of Things 

Impact on Secure Sustainability: 

¶ Enhanced surveillance and 

monitoring  

¶ Systems integration and 

automation  

¶ Improved industrial efficiency and 

minimization of waste  

¶ Optimization of energy usage in 

industrial and residential 

applications 

Impact on Superior Future:  

¶ Complete industrial automation 

with the ability for industrial 

plants to Ʉspeak to each otherɅ 

Key Breakthrough: EmersonɅs PlantWeb Digital Ecosystem 

EmersonɅs ϥoT ecosystem integrates sensors and data analytics 

into industrial assets and production systems, in order to  

automat e plant workflows. 

Other Breakthrough Areas:  BoschɅs smart city Efflink platform, 

linking networks of buildings together for urban management, and 

mobility ; Software AGɅs IoT edge platform, reducing computing 

time and cost for I oT applications. 

 

 

 

 

 

https://azure.microsoft.com/en-us/solutions/quantum-computing/
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5. Robotics 

Impact on Secure Sustainability: 

¶ Human replacement in physical 

and hazardous work  

¶ Disaster response 

¶ Law enforcement  

Impact on Superior Future:  

¶ Automation of complex physical 

human tasks when combined with 

AI 

 

Key Breakthrough: Boston DynamicsɅ Humanoid  Robot Program 

Boston DynamicɅs Atlas, a humanoid robotics platform, is driving 

advances in whole-body mobility and bimanual manipulation to 

create a robot with near universal commercial utility.  

Other Breakthrough  Areas: IntuitiveɅs da Vinci surgical robot 

system is pioneering minimally invasive robot -assisted surgeries, 

while automated mobile robots by companies like KUKA are 

integrat ing material transport and assembly processes . 

 

6. Drones 

Impact on Secure Sustainability: 

¶ Surveillance and monitoring  to 

improve efficiency and reduce 

waste 

¶ Search and rescue 

¶ Precision agriculture to monitor 

and manage crops 

¶ Unmanned warfare  

Impact on Superior Future:  

¶ Improving traffic flows and 

congestion through traffic 

monitoring  

¶ Autonomous air transport  

 

Key Breakthrough: AmazonɅs Prime Air Delivery Service 

AmazonɅs drone delivery system current ly undergoing testing aims 

to achieve a target 30-minute journey time from warehouse to 

customer.  

Other Breakthrough Areas:  Altitude AngelɅs drone corridor, a 70 -

mile-long corridor for commercial UAVs connecting two UK cities 

with network of ground -based beacons, and agricultural drones 

from DJI and Parrot  enabling precision agriculture.  
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7. Autonomous Vehicles 

Impact on Secure Sustainability: 

¶ Increased transportation  

efficiency, lower traffic congestion 

and lower emissions through 

shared mobility  

¶ Improved road safety through 

reduction in h uman error s  

¶ Automation of industrial transport 

systems 

Impact on Superior Future:  

¶ Reimagination of urban 

landscapes and transport 

infrastructure  

 

Key Breakthrough: Waymo OneɅs Autonomous Ride Hailing 

Waymo has launched the first fully autonomous driving ride 

hailing service in the world  in selected US cities, increasing 

reliability and passenger safety. 

Other Breakthrough Areas:  Cruise OriginɅs completely driverless 

Robotaxi platform, or TeslaɅs Level 4 autonomous driving software, 

already installed in 400,000 passenger cars. 

 

8. Smart Grid 

Impact on Secure Sustainability: 

¶ Enhanced energy efficiency 

¶ Improved power supply reliability  

¶ Renewable energy and EV 

charging integration  

Impact on Superior Future: 

¶ Complete decentralization of 

energy generation  

Key Breakthrough: ItronɅs Advanced Metering ϥnfrastructure 2.0 

ϥtronɅs AMϥ 2.0 platform ties smart-meters into an edge-computing 

network  with real-time data , enabling decarbonization and grid 

resiliency. 

Other Breakthrough Areas:  Microgrids, for example  by Schneider 

Electric, powered by renewables or  STMicroelectronicɅs Demand 

Response Management solutions driving grid efficiency  
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9. Renewables 

Impact on Secure Sustainability: 

¶ Reduced greenhouse gas 

emissions 

¶ Natural r esource sustainability 

¶ National/regional energy security  

Impact on Superior Future:  

¶ Critical contributor to global net 

zero 

Key Breakthrough: LindeɅs Electrolyzers for Green Hydrogen  

Linde has built the worldɅs largest 24-megawatt proton exchange 

membrane (PEM) electrolyzer capable of producing zero -carbon 

green hydrogen . 

Other Breakthrough Areas: Turbine-less wind power by Aeromine 

generating electricity from airflow, and solar powered windows by 

Ubiquitous Technologies  that allow visible light  to pass through it 

while absorbing ultraviolet and infrared light into electricity.  

 

10. Energy Storage 

Impact on Secure Sustainability: 

¶ Renewable energy integration  

¶ Grid stability  

¶ Reducing carbon emissions  

Impact on Superior Future:  

¶ The end of fossil fuels  

Key Breakthrough: CATLɅs Condensed Battery Technology 

CATL has announced a new Ɉcondensedɉ battery with 500 Wh/kg, 

doubling energy density vs. traditional batteries to make electric 

aviation feasible. 

Other Breakthrough Areas:  Structural supercapacitors, combining 

structural support with energy storage, enhance the power 

capacity of electronic devices and vehicles without increasing their 

weight, NorthvoltɅs sodium-iron batteries, offer safer, more cost -

effective, and sustainable storage than conventional batteries .  

 

 

 

11. Next Generation Nuclear 
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Impact on Secure Sustainability: 

¶ Lower carbon emissions and 

acceleration of Net Zero 

emissions 

¶ Energy security for all 

Impact on Superior Future:  

¶ Clean, abundant, and functionally 

superior energy source  

Key Breakthrough: Net Energy Gain in Fusion Reaction Achieved 

Lawrence Livermore National Laboratory  has achieved net energy 

gain in a fusion ignition , producing 2.6 megajoules of energy from 

2.1 megajoules of energy used to power the laser igniter,  a critical 

breakthrough for commercial fusion technology.  

Other Breakthrough Areas:  Private fusion companies working with 

governments on fusion plant design, including Commonwealth 

Fusion Systems and Tokamak Energy 

 

12. eMobility  

Impact on Secure Sustainability: 

¶ Electrification of transport 

enables decarbonization  

¶ Zero tailpipe emissions 

Impact on Superior Future:  

¶ Shared and sustainable mobility 

replaces owned vehicles 

Key Breakthrough: Decentralized Charging Networks 

With increased adoption of electric vehicles across countries, 

startups such as Voltpost and EVIO have developed charging 

solutions to convert lampposts and conventional electric sockets 

into smart EV charging stations, removing a critical impediment to 

faster EV adoption. 

Other Breakthrough Areas : Startups like GO Sharing in the 

Netherlands and  AltMobility in India are offering  eMobility -as-a-

Service platforms for shared on -demand sustainable 

transportation for both retail users and commercial fleets . 

 

 

 

 

13. Virtualization (VR, ER, AR, XR, MR) 

https://cfs.energy/
https://cfs.energy/
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Impact on Secure Sustainability: 

¶ Tele-health  

¶ Virtual education  

¶ Remote work and collaboration  

Impact on Superior Future:  

¶ Blurring physical and digital 

boundaries  

¶ Enhanced learning and training  

¶ Innovative entertainment and 

social interaction s  

¶ Personalized services 

Key Breakthrough: MetaɅs Metaverse 

Meta has invested US$50 billion in the Metaverse, a virtual reality 

solution offering seamless virtual spaces for work, education, and 

entertainment.  

Other Breakthrough Areas:  AppleɅs Vision OS Spatial computing 

operating system for application development, or MicrosoftɅs MR 

platforms offering immersive mixed reality enterprise services   

 

14. Blockchain 

Impact on Secure Sustainability: 

¶ Increased digital privacy 

¶ Secure transactions  

¶ Speed and cost effectiveness 

Impact on Superior Future:  

¶ Democratization and 

decentralization of finance and 

commerce  

¶ No intermediaries or central 

control  

Key Breakthrough:  Ethereum 2.0 

Ethereum 2.0 is a scalable global platform for developing 

blockchain-related projects, incorporating a native token to pay 

transaction fees .  

Other Breakthrough Areas: RippleɅs decentralized finance  

transaction platform, or  LinuxɅs Hyperledger Fabric, an open-

source blockchain framework designed for enterprise use cases.  

 

 

 

 

 

 

 

15. Material Sciences 
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Impact on Secure Sustainability: 

¶ Synthetic alternatives to natural 

resources with improved 

efficiency 

¶ Superconductors to enable 

frictionless bearings, magnetic 

levitation, electric cars and other 

technologies 

Impact on Superior Future:  

¶ Self-healing materials 

¶ Programmable matter (with the 

ability to process information and 

change its own properties)  

¶ Metal foam to enable space 

colonies and floating cities  

Key Breakthrough: CubicPVɅs Perovskite Solar Cell 

CubicPVɅs photovoltaic cells using perovskite produce at least 20% 

more energy (and potentially up to double)  vs. the prevailing 

silicon technology. 

Other Breakthrough Areas:  Graphenea, a leading producer of 

graphene, a carbon based flexible and transparent conductor, or 

emerging lab based technologies like synthetic metamaterials . 

 

16. 3D Printing  

Impact on Secure Sustainability: 

¶ Creation of complex structures  

¶ Customization and precision in 

product design  

¶ Reduced waste and increased 

efficiency 

Impact on Superior Future:  

¶ Organ printing  

¶ Infrastructure  

¶ Personalization and 

customization of goods  

Key Breakthrough: RepliqueɅs Metal 3D Printing 

RepliqueɅs 3D printing platforms across multiple materials 

manufacture on -site spare parts for industrial processes.  

Other Breakthrough Areas:  StrykerɅs orthopedic printing for 

artificial joints and implants , or ϥCONɅs 3D construction printing 

technology. 

 

 

 

 

 

 

17. Nanotech  
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Impact on Secure Sustainability: 

¶ Targeted drug delivery 

¶ Advanced diagnostics 

¶ Component miniaturization  

Impact on Superior Future:  

¶ Stronger and lighter materials  

¶ Biosensor systems that enable 

complex and customized 

diagnostics and human -machine 

interactions  

Key Breakthrough: DNA Nanoturbines   

Researchers in Germany have developed a self-configuring 

nanoscale device capable of transforming energy from electrical 

or salt gradients into practical mechanical work.  

Other Breakthrough Areas:  Nanotech drug delivery systems: 

offers precision targeting specific cells or tissues, or nano -scale 

materials for higher -density data storage, or self-healing 

nanostructured materials  in aerospace or electronics . 

 

18. Space Technology 

Impact on Secure Sustainability: 

¶ Access to affordable internet 

connectivity for all, including in 

remote areas  

¶ Accelerated materials science 

breakthroughs  

Impact on Superior Future:  

¶ Space-based (Zero-G) 

manufacturing and R&D 

¶ Development of interplanetary 

civilization 

Key Breakthrough: SpaceXɅs Starlink Satellite Internet   

SpaceXɅs Starlink service provides global high speed internet 

services with a network of over 5,500 mass-produced small 

satellites in low Earth orbit.  

Other Breakthrough Areas:  Crewed missions to sub-orbital space 

by private companies, including Virgin Galactic, or Blue OriginɅs 

communications and energy solutions for space exploration . 

 

 

 

 

 

 

19. Gene Editing  
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Impact on Secure Sustainability: 

¶ Medical breakthroughs curing 

diseases 

¶ Agricultural optimization  

¶ Environmental engineering  

Impact on Superior Future:  

¶ Transhuman augmentation  

Breakthrough: First FDA Approved Genome-Edited Cell Therapy  

Vertex Pharmaceuticals and CRISPR Therapeutics have received 

FDA approval for the worldɅs first gene edited therapy, treating 

otherwise incurable sickle cell disease.  

Other Breakthroughs: ϥntellia TherapeuticsɅ gene editing pipeline 

focused on amyloidosis and angioedema . 

 

 

4. Tech Industry Leaders Driving and Competing for a 

Superior Future   

Digital technology is the common thread that connects the 19 core technologies of the future, 

and ɄBig TechɅ and other tech sector leaders have unsurprisingly sought to engage with all of them 

to varying degrees. Last yearɅs report examined the 19 core technologies through the lens of the 

100 leading (digital) tech companies, mapping of their initiatives (solutions, products, R&D, and 

partnerships) across these key segments of future tech.  

The Ʉtech industryɅ as commonly defined encompasses companies focused on the research, 

development, and distribution of IT related goods and services, including software and services, 

hardware and equipment, semiconductors, internet and e -commerce, and IT services, among 

others. The 100 leading global tech companies represent a significant portion of the worldwide 

market for digital technologies, generating an estimated two thirds of the total industry revenues 

and representing  nearly 25% of the total globa l equity market capitalization across all industry 

sectors. These tech sector leaders include the following:  
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Figure 25: Tech Sector  Leaders  
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Breadth and Depth of Engagement  

The level of the 100 tech industry leadersɅ current engagement with the 19 core technologies 

varies significantly. Larger companies, and ɄBig TechɅ in particular, are key players across a wider 

range of technologies, especially so since many of the core technologies require scale for 

successful development . Areas like AI and big data analytics for example are  100% digital in 

nature and  more or less core to the business of nearly every one of the 100  largest tech 

companies, while gene editing and nanotechnology are highly specialized fields that require 

significant engineering and specific domain expertise. The charts below capture the investments, 
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products and partnerships launched by the worldɅs 100 largest tech companies in each of the 19 

core technology areas.  

Figure 26: Tech Leaders Engagement Across the 19 Core Technologies 79  
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There are a number of insights emerging from this analysis: 

Á Universal Engagement with Core Technologies.  All tech sector leaders are positioning 

themselves across one or more of these 19 technologies .   

Á AI and Big Data are Critical Areas of Focus.  AI has emerged as a near universal area of 

engagement for tech sector leaders, followed closely by big data,  with 98% and 87% of 

leaders pursuing initiatives there, respectively , reflecting both their status as critical 

general-purpose  applications that can be deployed across every industry sector, as well as 

their adjacency to tech companiesɅ own core businesses and capabilities. 

Á Significant Focus on  Industrial Technologies . Approximately half of tech sect or 

leaders engage with one or more digital industrial technology, led by IoT (62%), but with 

significant engagement in autonomous driving (45%) and drones (40%), reflecting the 

increasing digitalization of industrials.  

Á Energy Increasing as  Attractive  Target . Over half of tech sector leaders are pursuing 

opportunities related to renewables (60%) and smart grid technologies (59%) with slightly 

less than half engaging in e-mobility (47%) and energy storage (40%), reflecting the 

expected future growth of the renewables sector in the context of the energy transition 

underway.   

Á Virtualization  and Blockchain  Increasingly Seen as Core Technologies. Significant 

engagement with virtualization (63%) and blockchain (48%) reflects these technologiesɅ 

growing role across a widening range of applications and industries.   

Á High Potential Future Technologies Currently Targets of Specialists . Technologies 

such as next generation nuclear ( fusion) (13%), gene editing (17%), and nanotech (27%) 

are potentially as disruptive (and valuable) as AI, but are currently at much earlier stages of 

development, as well as being highly complex fields of science. While IT plays a critical role 

in these technologies, it is also a highly specialized one far removed from most tech sector 

leadersɅ core businesses and are targeted by specialists in collaboration with industry 

domain experts . 

 

Evident Emerging Strategic Positions in Competing for the Future  

Measuring tech sector leadersɅ total engagement (across R&D investments, partnerships, and 

products) with the 19 core technologies relative to own levels of scale provides the following 

picture.  
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Figure 27: Tech Sector LeadersɅ Core Technology Engagement vs 2022 Revenues80 
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significant variance in the technology engagement levels across the spectrum  of company 

size.  

Á Nearly ten companies engaged with 18 or more of the technologies overall, while only one 

company engaged with just a single technology and less than ten companies with two or 

fewer. 

The last year has seen a shift in the evident approach to positioning across these core 

technologies. The analysis reveals increasing engagement with the core technologies largely 

uncoupled from the underlying company size. The strategies and positions eme rging area as 

follows: 

Á Scaled Platforms of the Future.  The largest companies have mostly chosen to establish 

a presence across 15 or more of the core technologies , including six companies with 

revenues over US$150 billion.   

Á Ambitious Tier II Followers. This group , representing smaller but still multi -billion dollar 

enterprises engaging in more than 12 technologies, has  broadened to include earlier 
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stage companies, including one company in the lowest quintile of revenue generation, 

implying that members of their tier believe they can be successful taking positions in 

multiple sub -components of the each of these core technologies or aim to scale on a 

broad front to achieve the position of the Scaled Platforms.  

Á Focused Technology Leaders . Several of the worldɅs largest tech companies appear to 

be continuing to take a more concentrated approach to the technologies of the future, 

focusing their efforts on technologies across a limited number of segments, with two 

companies in the  highest quintile  of revenue generation  engaged with five or fewer  of the 

19 technologists.  

Á Niche Specialization . Over one quarter of tech sector leaders are engaging focused on 

five or fewer core technologies. These companies are mainly niche specialists, focusing on 

one or two disruptive technologies beyond core IT (enabled by AI and/or big data).  

Á The Middle Ground . These companies, representing more than a third of the group , 

have diversified initiatives across six to up to a dozen disruptive technologies, implying a 

focus on several segments beyond core IT. While this strategy is likely not competitive 

against the Scaled Platforms or the Niche Specialization players if fully played out, it may 

well be a steppingstone  to one of these and may well make sense in the period before 

there is clarity on the deve lopmental roadmap for disruptive technologie s. 

 

In summary  

Á The civilizational shift underway is being driven by the  transition to the Information Era  which 

is not only blurring the boundaries between technology and other industry sectors, but 

between digital, physical, and biological systems as well. 

Á The building blocks of the Fourth Industrial Revolution are 19 core technologies, which play 

distinct fundamental roles in underpinning both secure sustainability in the short term and a 

superior future in the long er term.  

Á The 19 core technologies are areas of increasing interest and engagement by global tech 

sector leaders, who are increasingly competing with one another to drive breakthroughs 

across these areas that will position them as leaders of the future as well . 

Á Engagement with information processing technologies like AI and Big Data is near universal , 

with 98% and 87% the 100 global tech sector leaders pursuing initiatives there, but industrial, 

energy and financial technologies are also attracting the attention and investment of half or 

more of these companies.  

Á Tech sector leaders are also increasing their engagement with earlier stage specialist areas of 

technology like gene-editing, nanotech, and nuclear fusion, albeit from much lower levels, 

given the fundamental transformative impact these technologies may have.     
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I. Technology Ʌs Strategic Role in  

Geopolitical Power  

 

Given the disruptive potential and the transformative power of the 19 core technologies, it is 

no surprise that th ey are increasingly emerging as fields of geopolitical competition between 

countries and power blocs. Innovation and access to superior technology throughout history 

has determined the dominant states of the times. The 19 core technologies therefore sit 

alongside a stateɅs core assets ɀ its people, land, energy resources, capital,  and economic 

output ɀ in determining their emerging power position in the 21 st century . The worldɅs major 

power blocs, as well as regional powers , are therefore positioning themselves across these 

technologies, leveraging their innovation capacity, their domestic economies,  and their capital 

to build leadership positions in the technologies of the future.     

 

1. Technology and Geopolitical Power  

While the continued development of the core technologies critical for the future depends heavily 

on the research , development and investment activities of the tech sector, and their industrial 

adoption , these technologies redefine the world we live in. As such, the exploitation of these  

technologies is a matter of grand strategy and politics. The power that these technologies confer 

is political, military, economic and social and as such impacts billions of people and are therefore 

its deployment is far too important to be left to individual businesses to decide  or self-regulate, 

no matter how well intentioned they may be. Just as technology for constructing and breaking 

codes were a matter for states in Second World War, the core technologies that determine the 

futu re are a matter for the state too. Likewise, today,  governments will play a leading role in 

strategic technological development  and deployment , working hand in hand with the private 

sector and other stakeholders.  
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Looking back over history at the relationship between power and technology, it is clear that 

technology has been a strategic resource for states throughout history , by being a powerful 

adjunct to the  stateɅs ability to leverage its core 

assets. In the Agricultural Age these included land 

and people. In the Industrial Age the list of core 

assets expanded to include manufacturing capacity  

(as a measure of economic output)  and access to 

energy, and in the Information Age these assets grew 

further and included intellectual property  and 

computing power . Technology provides states with 

the power to generate economic value, political capital at home, conquest abroad over peoples 

and markets. Given this power , technology breakthroughs have often  been guarded jealously by 

their innovators , seeking to gain an advantage over their rivals. This has made technology a 

weapon of the state in its global positioning. While merchants may have opened markets, states, 

often reluctantly, took control at the point at which it became a strategic asset for the power of 

the nation. 81 Sufficiently powerful innovative technologies will likely fall into the same camp.  

The link between technology leadership and geopolitical power is ancient . Throughout history 

successive empires have risen on the back of new innovations and technologies whose 

exploitation has underpinned their success and rapid growth. The mastery of a succession of 

disruptive technologies including the production of steel, lateen rigging on ships, and gunpowder 

among others, conferred advantages to states on an increasingly global scale and helped shape 

and re-shape the geopolitical order of the world. And as the rate of technological innovation has 

accelerated, the life spans of empires have shortened, with their tec hnological advantages being 

more quickly eroded.   

Figure 28: Empires and  Technology 82  
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In a world of accelerating innovation and progress, t echnology has unsurprisingly become an 

increasingly critical area of focus for geopolitics, with leading global countries both competing and 

cooperating with one another to ensure future access to the core technologies that will drive 

security, sustainability, and a superior future. Against the backdrop of an increasingly multi -polar 

world, AmericaɅs growing great power competition with China has increasingly encapsulated 

technology rivalry. Both the EU and India recognize the importance of technology as a core p illar 

of security, with the EU a mature investor in the field . In addition, there are a number of regional 

powers with increasingly global aspirations and the ambition to compete head on with major 

power blocs in some areas. These regional powers include Russia, Saudi Arabia, Japan, and the 

UK, some with  geopolitical aspirations and some with economic ones  strongly rooted in 

technology and innovation.  

The positioning of  these regional and global powers  varies significantly across the 19 core 

technologies, with each bloc having unique assets and conditions that provide it with advantages 

(and disadvantages) across the lifecycle of each technology, ranging from fundamental innovation 

capacity to the existence of a large domestic market to support the creation of industry leaders .  
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  Figure 29: Core Technologies and Geopolitics 83  

 

Source: Statista 

USA China EU In dia Russia Saudi Japan U.K.

 Art if icial In t elligence

Market Size (all US$ billion) 87 29 45 4 1.7 1.2 2.4 21

Patent Applications (as of 2023)                  36,830                  12,219                    5,534                    3,422 <122 <122 122 461

Funding (all US$ billion) 335 92 58 19 0.1 1 2.7 23.5

 Big Dat a

Market Size 101 80 40 2.2 2-4 0.2 11.8 5-10

Patent Applications                    3,993                        74                      330                      275 <3 <3 <3 73

Funding 34 4.3 2.2 1.4 <0.7 <0.7 <0.7 1.5

 Quant um  Com put ing

Market Size 0.3 0.1 0.1 NA NA NA 145 80

Patent Applications                  15,484                      904                    2,310                      240  <34  <34                        48                      188 

Funding 2.3 0.1 1.7 0.05 <0.05 <0.05 0.06 1.2

 IoT

Market Size 172 147 297 27 17.4 10 31.7 26

Patent Applications                  47,720                    9,701                    6,535                    2,616  <32  <32  <32                      412 

Funding 72 8 11 1 0.3 0.3 0.3 4

 Robot ics

Market Size 7.7 6.4 11.3 0.8 0.3 0.1 2.7 1.3

Patent Applications 33,833                  29,344                    7,164 1675 <183 <183 1185 553

Funding 8.2 4.1 1.3 0.1 0.1 0.1 0.5 0.2

 Drones

Market Size 1.3 1.4 0.6 0 0 0 0.1 0.1

Patent Applications 15,124 181                    2,294 650 <60 <60 90 215

Funding 9.7 1.8 1.4 0.2 0.2 0.2 0.2 0.3

 Aut onom ous Driving

Market Size 8 3 5.1 0.4 0.2 0.1 0.9 1

Patent Applications                  26,145                    1,773                    4,380 691 <54 <54 189 541

Funding 36.6 6.7 3.4 0 0 0 0.4 1.5

 Sm art  Grid

Market Size 8.7 13 NA 0.5 NA NA NA NA

Patent Applications 15,255 1,118 2,707 565 <6 <6 6 196

Total Funding 10.3 0.4 2.25 0.2 0.01 <0.01 0.04 4.25

 Renewables

Market Size 186 238 300 52 12 0.04 35 31

Patent Applications 7,384 1,579 1,616 1,031 <100 <100 <100 317

Funding 114 85 266 14 NA NA 26 31

 Energy St orage

Market Size 60 45 92 3.1 2.07 NA 11.3 13.9

Patent Applications 77,571 35,365 15,500 2,777 <343 <343 421 1,606

Funding 29 19 26 1.2 0.1 <0.1 0.17 3.8

 Next  Gen Nuclear (Fusion)

Market Size 50 - 53.8 1-1.5 0.5-1 NA NA 80.7

Patent Applications 9,525 958 1,358 248 46 <46 109 121

Funding 4.5 <0.01 0.1 <0.01 <0.01 <0.01 0.1 0.2

 e-Mobilit y

Market Size 70 292 145 5.6 NA NA 6.9 19

Patent Applications                  76,038                  22,204                  17,633                    2,875 <215 <215 1394 1531

Funding 57 43 18.5 5 0 0 0.2 3.5

 Vir t ualizat ion

Market Size 8.8 5.0 8.0 0.6 0.4 0.1 1.8 1.6

Patent Applications                  28,026                    1,945                    4,870 830 <49 <49 128 389

Funding 7 0.6 0.6 0.2 0.1 0.1 0.1 0.8

 Block chain

Market Size 6.2 4 1.1 0.9 NA NA 1.7 1

Patent Applications 5716 593 614 409 <11 <11 <11 84

Funding 41 8.2 9 1.2 0 0 0.7 7.6

 Mat er ial Science

Market Size 22 17.5 17 5.5 NA 2.6 NA NA

Patent Applications 30,867 10,231 4,439 1,610 <207 <207 294 245

Funding 9.5 1 0.95 0.15 <0.15 <0.15 0.8 0.75

 3D Print ing

Market Size 4.3 1.5 6.8 0.25 0.2 0.1 0.6 0.5

Patent Applications                  36,680                    1,337                    5,100 677 <113 <113 <113 636

Funding 8.4 0.8 1.7 0.03 <0.03 0.03 0.03 0.4

 Nanot echnology

Market Size 23.3 5-10 17 <0.15 NA NA 3-5 04-Jun

Patent Applications 1,889 279 278 287 30 <18 25-Jan 19

Funding 19.6 1.9 2 <0.15 <0.15 <0.15 0.15 2.5

 Space Technology

Market Size 111 141 98 8.1 0.11 0.4 2.5 20.65

Patent Applications 126,203 52,240 20,370 4,022 <265 <265 265 1,813

Funding 20.5 1.45 1.15 0.2 <0.2 <0.2 0.35 0.4

 Gene Edit ing

Market Size 3.00 1.4 1.5 <0.01 NA 0.27 0.5 <0.01

Patent Applications                  27,996                  12,477                    5,575                    1,092                      284  <284                    1,332 <284

Funding 97.1 11 8.8 1 <0.01 <0.02 0.01 0.02
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Note: The analysis above is indicative of the future potential positioning of countries with regards to the 19 core technologies . It 

inherently assumes that national interests are reflected in national spend rather than exploring the changing nature of inter national 

trade. This latter dimension has two pertinent elements, the first being the current international competitive positioning of a countryɅs 

companies, so for example, while the EU is the largest global market for renewable energy, ChinaɅs manufacturers dominate the 

renewable energy equipment market, producing 80% of the worldɅs solar panels and 60% of its wind turbines.84 The second being the 

opposing trend whereby , while market share in international markets matters the longer -term sustainability of such positions i s being 

eroded  in a world of increased geopolitical competition, in which technology is seen as critical to security, and the rationale of t he 

friend and near -shoring of critical resources like energy and technology trumps simple economic calculations.  

 

In addition to the technological positions of nations , a number of broader macro non -

technological capabilities are also essential to determin ing a stateɅs geopolitical po sitioning. These 

comprise the  core assets of a state Ɂ people, land, economic output, energy resources , capital, 

and intellectual property ɀwhich are the core platform upon which technological power can be 

leveraged. Considering the positions of the regional and global powers with regards to both the 

19 core technologies  and the distributi on of critical strategic assets results in the picture  below.   

  Figure 30: Global Assets and Geopolitics 85  

 

Sources: World Federation of Exchanges, SIPRI, Bloomberg, MSCI, IMF World Economic Outlook, WTO Stats (WITS), 

Worldometer, World Population Review, European Commission, Enerdata World Energy & Climate Statistics Yearbook 2023 

This analysis 80provides several important insights on the nature of power and how technology 

plays a critical role in its exercise in the future . 

1. US Overall Leadership Position. The US still leads the world in almost every meaningful way 

across most critical assets, and in some assets, for example defense spending and corporate 

value commands a bigger global share, 40% and 43% respectively, than the next two power 

blocs combined.  

2. China Overtaking EU to Challenge US. Population aside, China appears to be level with the EU 

across many dimensions, with a similar share of global GDP (17% vs 18%), trade (14% vs 
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13%), market cap (15% vs 14%) and wealth (19% vs 23%). However, its political system 

allowing it to mobilize these resources and assets in a much faster and comprehensive way, 

and its medium -term  growth is set for it to overtake the EU across most metrics soon. 

3. India at Nascent Stage, Showing Significant Potential.  India across many of the  macro 

dimensions lags the other power blocs, with resources on par with regional powers across 

many assets including market cap (3% - equal to Saudi Arabia), GDP (4% - trailing Japan), 

defense spending (3% - on par with Russia) and trade (3% - equal to the UK). However, its 

population and its high growth are drivers that can see it rapidly grow to the level of the other 

blocs, overtaking the EU by the middle of the century.  

4. US Financial Strength is Market Based, Political Issues Exist for the Approval of Large Strategic 

Spends.  The USɅs huge market capitalization adds weight to the private sector while high 

levels of public debt stand in the way of  the state, which coupled with a deep political divide 

and politicization and resistance to the energy and sustainability transition may hinder its 

leadership (noting that itɅs ϥnflation Reduction Act committed $783 billion  for  energy security 

and climate change).86  

5. Full Range Technology Remains an American Game. The US remains the clear leader in 

deploying capital into 18 of the 19  of the core technologies  and across total patent 

applications in each of them, thanks to it being home to the worldɅs largest technology 

market overall, and home to  the majority of  the sectorɅs global leaders.  

6. ChinaɅs Leadership in a Few Core Technologies Makes it a Powerful Player. ChinaɅs advantage 

across selected areas of tech (e.g. eɁmobility, drones, etc.) stems from its scaled domestic 

market  in key products , the serving of which has created a series of tech leaders with scaled 

and low-cost manufacturing capabilities . Further, ChinaɅs strong position  in EVs (with the 

worldɅs largest market) and renewables (the 2nd largest market globally) in particular means 

that it has a critical role to play in the in the global energy transition . 

7. ϥndiaɅs Technology Capabilities Are Rising Quickly. Similar to its position in non -tech related 

critical assets ϥndiaɅs (low) investment levels and (small) market size across the 19 

technologies reflects its historical status as a developing country. The countryɅs rapid growth 

is however enabling significant research and investment that  will position India as a tech 

leader of the future .  

8. EU Scale and Regulatory Leadership Make it a Rule-Setter for Technology. The EU is big 

technology adopter, rather than an innovator, and its market size far outstrips  its share of 

global investment in the key technologies, giving it potential power as a regulator of how 

innovation is used, rather than how it is created.  

9. Regional Players with Point Leadership Across Technologies. ϥn most cases other countriesɅ 

efforts across the critical technologies pale in significance relative to the four power blocs, 

given their small research bases and domestic markets, as well as their more limited funding 

capacity. For the most case, other countries are competitive in one or two specific 
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technologies but lack broad based tech capabilities to proactively shape the future.  Examples 

include: 

Á Russia continues to fall further behind  as a global power based on the metrics , with its 

population projected to decline by 18% by 2050, but  while lacking the financial and 

human resources to compete head -on across all technologies, is investing heavily into  

AI, big data, and cyber capabilities, which provide asymmetric power projection  

potential even at lower investment levels relative to global leaders. 

Á Saudi Arabia is deploying its significant reserves of petrodollars to  invest in future 

energy sources such as green hydrogen, while continuing to harvest oil and gas 

energy, (while also being a large investor in the global technology sector through its 

sovereign wealth fund).  

Á Japan continues  (for the time being)  to maintain a major role in robotics, in which it 

has traditionally led the world, given the countryɅs focus on manufacturing and the 

constraints of its labor market due to its declining population.  

Á The UK is a major center for technologies  including blockchain and AI, as well as a 

significant investor in these areas, with the potential to play more broadly given  its 

heavily financialized and services-based economy. 

10. US Leadership of Emerging Technologies Requires Sustained R&D Investments, Challenged 

by its Reserves. The US remains well positioned for building superior future tech nologies, it 

leads in AI and quantum computing , and has a track record in fundamental breakthroughs  in 

these areas but will need to maintain a strong focus in basic research to sustain its 

leadership position  over the long term  which required massive funding, pointing to its 

finances being a relative issue. 

11. ChinaɅs R&D Efforts Closing the Gap. China in the past decade has significantly stepped up its 

basic research across a range of technologies and has overtaken the EU in patent filings 

across electric vehicles, AI, IoT, battery technologies and gene editing, among others, but still 

lags well behind the US in all cases.  

12. India Making Fundamental Research Push. India is also investing heavily in R&D and now 

ranks among the top five countries in terms of research output for 19 out of 44 technologies 

across materials and manufacturing, AI and computing, energy, quantum, biotech, sensors, 

space, robotics, and transportation .87 

 

In summary  

Á Technology is a critical source of the power of states and as such it will not be left to 

corporations in the transition to a whole new power structure as the world shifts towards the 

Information Age.  
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Á The 19 core technologies are targets of increasing geopolitical competition between major 

countries and power blocs, given that technological superiority is a key source of geopolitical 

power . 

Á The US is best placed to lead the world into the Information Age given  its continued global 

leadership in key geopolitical assets (including wealth, economic output, and military power), 

as well as across the 19 core technologies as a whole.  

Á Rising US public debt  makes it reliant on its capital markets , and a sharply divided political 

system to approve spend,  in contrast to both China and the EU, with India at a far lower level 

of financial capacity at this stage.  

Á China has effectively drawn level with the EU across key (non-tech) strategic assets and has 

overtaken it in terms of R&D across the most critical technology, but still lags the US across 

most dimensions . 

Á The EUɅs most critical asset is the size of its common market, which positions it as a powerful 

rule-setter for the global terms of trade and as a regulator of how the technologies of the 

future will be used.  

Á India still lags the three major power blocs across nearly all dimensions of power, reflecting 

its ongoing transformation from a developing to middle income country. However, its 

sustained long term economic growth is creating opportunities for it to increasingly compete 

across key technologies in the future.  
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V. Urgent High Impact Solutions for the 

UN SDGs 

 

The long-term transition to a superior future requires the shorter -term delivery of global 

security and sustainability, as encapsulated by the SDGs. Given the scale of the issues and the 

approaching deadline for the goals, this will likely require the deployment and scaling of a 

series of mature technology solutions , rather than relying on breakthroughs  in emerging 

technologies. There are a number of such technology solutions that can have a material 

impact on the goals, given global deployment with local adaptation as required. In the 

absence of top -down  blueprint for the goals, global stakeholders will need to identify and 

prioritize the highest potential technology solutions as candidates for execution.  

 

1. High Impact Tech Solutions Required  

Multiple Stakeholders Developing Targeted  Solutions to  Address the SDGs 

Given the 19 core technologies long term impact potential , they have emerged as increasingly 

fierce areas of competition for both global tech leaders and the countries that host them, with the 

winners in key technologies shaping a superior future for the world.  However, as stated above, 

this long-term transition requires the delivery of global scale security and sustainability  in the near 

term, with the SDGs and their 2030 target date representing the best framework for what this 

means for the world.  

The Capital as a Force for Good report found that in the absence of  extensive collaboration 

between countries , the SDGs require funding of US$132 -175 trillion and ha ve a shortfall of 
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US$103-137 trillion, representing 40% of the worldɅs gross financial assets of US$440 trillion, or 

c.20% of the global GDP of US$100 trillion annually through 2030. 88  

Figure 31: Total SDG Funding Requirement 89 

 

With less than seven years left, time is running out to meet the goals,  and none of the 17 SDGs 

are currently on track to be met. Moreover, 

given the lack of cohesion between 

governments amid increasing geopolitical  

rivalry, and the lack of alignment between the 

Global North and the Global South, between 

rich and poor within countries, and between 

the public and private sectors means that it is  

highly unlikely that a global multi -stakeholder 

plan to address the goals, much less one than 

is sufficiently radical to actually achieve them, 

will actually emerge.  

Therefore, the success of the SDGs will 

depend on the world identifying, scaling, and 

executing viable initiatives globally, at speed, without building and securing alignment on a 

comprehensive global action plan. Luckily , many such initiatives exist and have been developed 

and implemented by innovative and entrepreneurial organizations, be they financial institutions, 

private sector corporat ions, NGOs, international organizations, or national governments.   

The existence of such solutions makes the challenge for the world to meet the goals a potentially 

feasible one, focused on scaling and rolling out existing solutions globally. These solution areas 

Moreover, given the lack of cohesion 

between governments amid increasing 

geopolitical rivalry, and the lack of 

alignment between nations, the success 

of the SDGs will depend on the world 

identifying, scaling, and executing viable 

initiatives globally, at speed, without 

building and securing alignment on a 

comprehensive global action plan Ɏ 

and there are many such solutions 

waiting deployment. 
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span a range of policy, technology, public sector activities, infrastructure, private industry, and 

financial services-related initiatives. Deployed together, and at scale, the right mix of solutions 

across these six areas can fully deliver the SDGs, as illustrated in the chart below.  

Figure 32: Breakdown of Solutions to Deliver the SDGS 90 

  

Moreover, if each solution area were to deliver to its maximum, the world can exceed the targets 

set by the SDGs by more than 50%, creating a better, more sustainable, and secure world than 

originally targeted for by 2030. However, unlocking the maximum po tential of each solution area 

as this Stretch Case implies, will require changing current regulatory policy, technology,  and 

financing practices in a way that if well implemented  may well be transformative  for the world, 

leveraging best practices from arou nd the world at scale.  

Figure 33: Exceeding the SDGs with Maximum Application of Solutions 91  
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In any case, digital technolog ies have a critical role to play in meeting the SDGs, capable of 

delivering c.20% of the total SDG need in the Base Case and nearly 40% in the Stretch Case.  

Technology, specifically information technology, is a fundamental enabler across all the goals 

(much like capital), enabling critical information processing, automation, communication, and 

knowledge sharing for the dissemination of best practices and coordinated action.  However, 

beyond this fundamental impact, specific technology solutio ns can drive critical progress on 

individual SDGs, with targeted innovation creating products services and solutions to deliver 

outcomes related to specific goals.  

Ten Tech Solutions with  Global  Impact Potential   

Digital technology solutions can contribute to nearly 150 of the 169 SDG targets, impacting all 17 

goals. The base case of technologyɅs potential contribution to the goals, delivering universal and 

affordable broadband connectivity, can be almost doubled to 37% through the scaled 

deployment of best -in-class innovations for each goal, with the highest impact potential across 

SDG4 (Quality Education), SDG8 (Decent Work), SDG16 (Peace Justice and Strong Institutions), and 

SDG2 (Zero Hunger). 

 

There are of course countless specific digital  technology solutions  (digital or otherwise)  from 

around the world that have the potential to impact global security and/or progress the SDGs at 

scale.  

This report highlights ten such technology-based solutions which illustrates how the SDGs and 

secure sustainability for the world might  be achieved over the short -term. They have been 

selected from a range of solutions that have been developed and deployed by stakeholders 

across a large number of  countries, industries, markets, themes, and issues against specific 

criteria, namely: 

Á Relevance, the ability to directly address an SDG or indirectly address an SDG via 

addressing an issue; 

Á Scalability, being scalable, transferable across boundaries, and potentially replicable by 

others ; 

Á Materiality, the current or potential scale of the initiative as an indication  of its potential in 

making a material quantifiable impact  on one or more SDGs, and  

Á Timing, sufficient execution is possible within the 2030 timeline.  

While each of the 19 core technologies can make significant contributions to the SDGs in theory, 

in practice many of them fail to meet the criteria above, many being at too early  a stage to 

currently make material impact on  the goals by 2030. Quantum computing and fusion technology 

are potentially transformative for the world but  still may be more than a decade away from 

commercial mass deployment. Other technologies like renewables and big data analytics on the 

other hand are already at the  stage of mass deployment globally and can play a major role in 

meeting the goals. Given the cost and logistical constraints imposed by the SDGs however, much 

of the heavy lifting of meeting the goals will likely need to be done by a more basic set of 
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technologies that drive communications , computing, and automation, and by scalable engineering 

technologies, and the ten solutions highlighted in this report reflect these needs and constraints. 

It is important to note of course that the ten solutions do not represent an exclusive list, and that 

many others meet the selectio n of criteria above.   

.  

The ten selected solutions  illustrate  the breadth of the issues that technology can rapidly solve, 

and broadly fall into four 88categories:  

1. Universal Enabling Solutions. General purpose digital technologies that can be applied 

flexibly across a large number, or even all the SDGs, enhancing the ability of a broad set of 

stakeholders to deliver against the goals.  

2. Digital Solutions. IT-based digital technologies applied to specific challenges, with purpose -

built  platforms and applications designed to maximize impact  on defined goals.  

3. Tech-Enabled Solutions. Solutions to specific challenges developed and delivered outside of 

the traditional tech industry, but (largely) designed and powered  by digital technology. 

4. Scaled Industrial Solutions. Industrial  and infrastructure -based solutions to specific 

challenges, driven by scale and process optimization with IT playing an enabling role. 

Moreover , these ten solutions are being driven by a diverse set of global stakeholders, including 

private sector corporations (both collaboratively and competitively), national governments and 

transnational organizations like the UN. A summary of the ten solutions  is provided below. 

Figure 34: Ten Tech Solutions for Global Scaling  

Description Sponsoring 

Organization(s) 

Key SDGs Impacted 
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Global Internet Connectivity.  A global initiative led by to connect 

every school in the world to the internet by 2030, offering a 

gateway to universal connectivity   

UNICEF, ITU 

 

Generative AI. Generative AϥɅs ability to learn, adapt, and create 

offers new ways to solve complex problems, enhance human 

creativity, and improve decision making across all the goals  

Private sector 

tech companies 

 

D
ig

ita
l S

o
lu
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n
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The India Stack. A unique digital infrastructure for the delivery of 

mass financial inclusion for all, serving as a platform for broader 

social inclusion,.  

Government of 

India 

 

Ecommerce Platforms. B2B and B2C e-commerce platforms are 

engines to drive economic participation for small businesses , 

enabling both local and international trade , particularly in 

emerging markets   

Private sector 

tech companies 

 

Digital and Telehealth. WorldɅs largest telehealth and virtual 

medicine platform including primary care, mental health, and 

chronic condition management, as well as mobile health  

Teladoc Health   
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Description Sponsoring 

Organization(s) 

Key SDGs Impacted 

E-Learning Platforms.  National digital learning platforms to 

overcome barriers to education and to improve overall learning 

outcomes 

National 

governments  
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s Gene Edited AgTech. Targeted gene editing technologies based on 

CRISPR/Cas9 can revolutionize global food systems with enhanced 

nutrition, improved food safety, greater resistance to disease, and 

better climate resilience  

Private sector 

companies 

 

Early Warning for All (EW4A). Global initiative for every person on 

earth to be covered by multi -hazard early warning systems 

United Nations  

 

S
ca

le
d

 in
d

u
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Green Hydrogen Solutions. Green hydrogens a zero-carbon 

alternative to fossil fuels in key industrial processes and 

commercial logistics, filling a critical niche in the energy transition 

alongside renewables and electrification  

Private sector 

companies, 

national 

governments   

Filtration and Wastewater Treatment Technologies. Innovative 

technologies are improving the efficiency, reducing the cost, and 

driving the scalability of water filtration and wastewater treatment 

technologies around the world   

 

Private sector 

tech companies 

 

 

Significant SDG Contribution Potential  

The most critical common feature among the highlighted solutions is their growth potential. Each 

of these solutions can be scaled globally to deliver significant impact against the SDGs. Assuming 

that each solution was to be deployed globally as preferred ways to solve the problems they were 

designed to address, these ten programs could drive significant progress against the goals, 

ranging from nearly 20% for the most impactful universal enabling solutions to highly targeted 

solutions addressing important i ssues such as disasters, transition energies for climate targets, 

and inclusive healthcare. Importantly, the ten identified solutions do not represent an exhaustive 

or exclusive list, and there are many more initiatives which could have an equally fundamen tal 

impact on the SDGs. Some of these will no doubt overlap with the highlighted solutions while 

others will be completely discrete, focused on specific challenges that the ten selected solutions 

leave unaddressed. Some examples from the research underpinn ing this study include solutions 

as varied as automation, robotics and sensor solutions, circular economy technologies, internet of 

things (IoT) applications, digital platforms for sustainable consumption, carbon capture and 

storage, crowdfunding, and crow dsourcing platforms, to name a few.   
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Figure 35: Headline Contribution to the SDG Targets 92  

 

 

The chart above represents each solutionɅs direct 93 impact potential on 169 SDG targets, without 

considering the impact of double counting or overlaps . For example. Reaping the full benefits of 

AI as a Universal Enabling Solution presupposes universal internet connectivity, as do the other 

Digital Solutions on the list. Further, the analysis also excludes the potential inhibiting impact that 

solutions could play, as well as questions of cost or feasibility with regards to scaling these 

initiatives as the preferred solution for their specific goals.  

 

The three  initiatives with the highest direct impact potential Are:  

Á Generative AI (24%), which will radically improve decision making across almost all the goals, 

generating new insights, incorporating more information to deliver better outcomes, and 

automating processes at speed and scale to support targeted actions , building on the 

benefits generated by universal internet connectivity.  Given the speed of advances being 

made it generative AI, its potential impact on the SDGs is continuing to evolve and will likely 

grow significantly as it is applied to specific goals in a targeted fashion.   

Á Universal Internet Connectivity (19%), which serves as a support structure for all 17 SDGs, 

enabling critical information processing, automation, communication, and knowledge sharing 

for the dissemination of best practices and coordinated action . 94 With connectivity and 

access, stakeholders can drive inclusion, raise productivity,  and increase equality of 

opportunity, positively contributing to  over 150 of the goalsɅ 169 targets.95 

Á The ɄIndia StackɅ (8%), initially designed to facilitate online banking and digital payments , has 

evolved into a broad -based digital infrastructure platform driving the digitization of society 
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and the economy, enabling applications in financial services, healthcare, education and 

training, public services, transportation, commerce, among other things. Its impact on the 

goals is accordingly broad-based and fundamental.  

Unsurprisingly, the three most impactful solutions are ɄUniversal EnablersɅ that have broad 

applicability and can facilitate the delivery of multiple  SDGs, as well as being flexible enough to be 

applied to specific goals in a targeted fashion for additional impact. Interestingly, two of the three 

solutions (Universal Internet Connectivity and  the India Stack) are not dependent on any cutting -

edge technological innovation, integrating mature and widely available technologies into 

programs designed for cost -effectiveness and scale. Unsurprisingly, these solutions have been 

developed and are being championed by the UN and a national government, respectivel y, 

illustrating once again that the critical role of the public sector in delivering the SDGs, as well as 

the need for ɄfrugalɅ, rather than (just) cutting -edge innovation.   
 

Were they to be applied in combination with each other , the potential cumulative SDG impact of 

the ten solutions would be transformational. If each solution were fully funded , and deployed 

globally, they could cumulatively drive progress against  all 17 of the goals to solve for c.47% of the 

SDGs in total, (net of any overlap between the initiatives). The table below shows the cumulative 

potential impact on the goals.   

Figure 36: Cumulative SDG Impact Potential - Ten Tech Initiatives 96  
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Key Observations: 

Á Cumulatively these ten solutions, globally scaled and fully executed, can solve for nearly 

half (c.47%) of the SDGs, net of any overlap between solutions .  

Á Universal Enabling Solutions like generative AI and universal connectivity have a 

fundamental role to play in driving all 17 SDGs.  

Á Universal Enabling Solutions are particularly impactful on people and prosperity  related 

goals, (e.g. SDG4 and SDG8) as well as on government-related targets  (SDG16), given the 

underlying digital transformation of the global economy , society, and governments  

underway.  

Á Some goals like SDG 4 (Education) and SDG 6 (Clean Water) by their nature require  

targeted technology solutions, both  digital and industrial, given these goalsɅ targeted 

scopes  

Á Other goals are harder to address with digital or highly targeted ɄpointɅ technology 

solutions given the physical constraints involved (for example, planet-related goals like 

SDG14 (Life under Water) or SDG15 (Life on Land) in particular and  will require applying a 

broad range of technologies in connection with policy, behavioural change, business 

practises and processes, among others.   

Stepping back, for these ten, or any other set of technology solutions to address 47% of the 

SDGs, in practice they would be required to be deployed globally under a wide range of 

conditions and in countries at very different stages of economic, infrastructure and technological 

development.  

This also presupposes that every country has the baseline of development required to adopt, 

deploy, and utilise the ten solutions, which requires the ability to efficiently formulate and enforce 

the necessary policy regimes, the execution resources  (including human capital)  and capabilities 

implement solutions, and the capital required to pay for their setup and operation.  

Secondly, the expansion and worldwide implementation of these initiatives will necessitate 

substantial local customization, along with the allocation of resources, the sharing of best 

practices, and essential capital investment to guarantee their effective execution in various 

locations. 

Thirdly, the potential of any initiative for worldwide scaling depends on its universal applicability 

(namely, the extent to which it is needed and can be effectively deployed across various countries 

and regions) and its implementation feasibility (that is, its complexity or simplicity, associa ted 

costs, and the risks involved in execution). 

Finally, the distribution and nature of the ten highlighted tech solutions provides the beginnings 

of a framework for identifying, selecting, and prioritizing further solutions in pursuit of the SDGs, 

with prospectively technologies being ranked in the three orders of priority, namely :  
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1. First Priority  Solutions: Universal enabling technologies  with the potential to drive 

incremental progress against all the goals.  

2. Second Priority  Solutions:  Targeted technology solutions  ready for mass scaling that 

can make a substantial impact on a single SDG, or a major subset of a goalɅs targets., 

and  

3. Third Priority  Solutions: Niche technologies for specific targets  deployed as part of a 

broader solution set ( for example., specially designed sensors for  wildlife tracking 

aiding conservation efforts.)  

Without addressing the first priority solutions, the transition will be highly uneven and inequitable 

and therefore risk stability and the broader transition itself.  
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2. Ten Tech Solutions to Drive the SDG  

 

       

   

Key Highlights

ÁThe program currently has three categories of activity, including mapping, to identify the schools in an area, 

financing, to provide financial resources to the schools, and helping to establish connectivity 

Á In terms of mapping, Giga as of 2022 has mapped 2.1m school locations in 136 countries (or c.25% of all 

schools globally)

Á In terms of funding, Giga has mobilized US$5 billion to accelerate the delivery of critical infrastructure and 

close the digital divide.

Á In terms of connecting, Giga has connected over 2m student in 5,561 schools across 20 countries to date, and 

is targeting a further 20,000 schools for 2023

üThe Giga platform has the potential to be a major springboard for the delivery of universal internet connectivity 
and providing a potential access point to reach the 1/3 of the global population still unconnected

Giga is a globa l in i t iat ive led by  UNICEF and t he ITU t o connect  ever y school  in  t he w or ld 
to  th e in te rnet by 2030, of fer ing a gate w ay to  un iversal  connecti v i ty   

34% of the global population (or 2.7 billion 

people) still not connected to the internet. (ITU)

1.3 billion children missing out on information, 

opportunities and choices due to lack of 
connectivity (ITU)

0.45% of annual global GDP required to fund 

universal connectivity (IMF)

36%

Potential Contributions to Key SDGs in % (selected)

Universal Internet  Connect ivity: The Case for Global Scaling

32% 27%

25% 23% 19%

94

Connect ivit y fo r  All
Delivering Global Internet Connectivity to Close the Digital Divide
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Key Highlights

ÁRevolutionizing Problem-Solving: Generative AI can tackle complex issues that have long been challenging 

for humans, offering innovative solutions in areas like climate change, healthcare, and logistics.

ÁEnhancing Creativity and Innovation: By providing new tools and perspectives, this technology can 

significantly boost human creativity, leading to novel inventions, artworks, and designs.

ÁAccelerating Research and Development: Generative AI can rapidly analyze data and generate 

hypotheses, speeding up research processes in fields ranging from science to market analysis.

üGenerative AI is a critical technology that will serve as a fundamental enabler of all 17 SDGs, supporting, 
augmenting and potentially replacing human problem solving and decision making for targeted actions 
against the goals

Generat ive AI
Generating innovative solutions and facilitating evidence- based 
decision-making

Generat ive AIɅs abi l i t y t o lear n , ada pt , and cr eat e of fers new  w ays t o solve com pl ex 
pr obl em s, enhance hum an creat iv i t y, and st ream line pr ocesses across var ious 

do m ains. 

US$7 t r i l l ion uplift  in global GDP from 

generative AI over a ten-year period (Goldman Sachs)

US$1.3 t r i l l ion of spending on 

generative AI expected by 2032 reshaping global 
tech spending (Bloomberg Intelligence)

33% of new drug and material science 

discoveries will be driven by generative AI by 
2025 (Gartner) SDG impact delivered through (digital) Technology solutions, enabling 

communications, information and data process, access to information and 
specialist applications 

Generat ive AI: The Case for Global Scaling

Potential Contributions to Key SDGs in %

51% 40% 33%

30%32% 25%

95
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The India Stack  
Digital Infrastructure Providing Digital Identity and Payment 
Solutions for Financial Inclusion

A uniqu e di gi t al inf rast ruct ure for   t he de livery of  m ass f inancial inclusion for  al l , serving 

as a plat form  for  broader  social  inclusion, a f ree t o individual  paym ent  syst em s enab ling 
peer -to -peer  t ransact ion, ot her  di gi t al services t o peopl e and bu sinesses. 

450 m il l ion  people in India financially 

included with digital bank accounts (Government 
of India)

1.4 bil l ion  adults globally without banks 

accounts (The World Bank)

2.6 bil l ion  adults not digitally financially 

included  (The World Bank)

Key Highlights

ÁAadhaar, a crucial component of India Stack, provides a digital identity to every citizen based on 

biometric and demographic data.. 67 Billion digital identity verifications have been done to date.

ÁThe India stack has enabled payment solutions which has significantly contributed to financial 

inclusion and has enabled people to access banking services, make digital payments, and participate 

in the formal economy. A total of real-time mobile payments worth INR 14.05 tr illion have been made

Á Its government-led approach, emphasis on digital identity, and cross-sector applicability set it apart 

from traditional technology initiatives, making it a unique and transformative development in India's 

digital landscape.

19%22%

38%

üTransfer of India Stack technologies for adoption and integration into national banking systems to 
drive global financial inclusion

11%58%

SDG impact delivered through a mix of 

Technology, Financial Services and 
Public Sector Activity solutions, with 

the Stack enabling the delivering of 

pr ivate and public sector services. 

The India Stack: The Case for Scaling

Potential Contributions to Key SDGs in %

96
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Key Highlights

ÁGlobal e-commerce platforms [like Amazon and Alibaba], as well as regional competitors are increasingly 

penetrating developing markets, providing internationalization opportunities for small to medium sized 

businesses (SMEs)

ÁB2B platforms in particular allow MSMEs to sell products and services to professional buyers and 

consumers across the world, and build a name for themselves beyond their geographical borders

ÁE-commerce platforms are enabling the emergence of rural production centres across developing 

countries from microenterprises serving long-distance customers

ÁDigital commerce more broadly can positively impact ten of the 17 SDGs

üE-commerce platforms in developing markets are driving digital inclusion and bottom-up economic growth 
for small businesses and micro-entrepreneurs  

E-Com m erce Plat fo rm s
Delivering digital trade and entrepreneurship across developing 
countries 

B2B an d B2C e-com m er ce p latf orm s have th e pote n ti al  to  dr ive econom ic 
pa r t icipa t ion  for  sm al l  bu sinesses, enabl ing bo t h  local and in t ernat ional  t r ade  and 

en t rep ren eu r sh ip

70% of global GDP generated by (M)SMEs (ILO)

50-80% of employment in developing 

countries generated (M)SMEs, the vast majority of 
which do not have proprietary ecommerce 
capabilities (Accenture)

28% of global retail sales occurring online, 

increasing to 41% by 2027 (BCG)

SDG impact delivered (digital) technology, digitizing consumers and 

MSMEs and dr iving entrepreneurship and trade, as well as th rough 
Public Sector Solutions, creating efficient markets for public 

procurement and spending

Potential Contributions to Key SDGs in %

Ecommerce Plat forms: The Case for Global Scaling

32% 6%

97
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Digital and Telehealth: The Case for Scaling

Key Highlights

ÁLeading global digital health company delivering virtual care platform connecting 80m patients and 
30,000 healthcare providers.

ÁOffers telehealth solutions to patients, physicians and hospitals, extending the virtual reach of 
healthcare providers and improving the quality of care. 

ÁComprehensive solutions covering primary care, emergency care, chronic condition management 
and mental health.

ÁOffers personalised care plans for patients with mobile device solutions, monitoring, and care 
provider integration 

ÁDelivers care in 130 countries and in more than 30 languages, partnering with local hospitals and 
healthcare systems 

üDigital health tools can significantly close the gap in the provision of quality healthcare, overcoming 
geographic barriers, infrastructure challenges and issues with the local quality of care

Digita l and  TeleHealt h 
Delivering whole-person virtual healthcare

Wor ldɅs t eleheal t h  and vir t ual m edicine p lat form  includ ing pr im ar y care, m en t al 
he alt h,  and  chr oni c cond it ion m ana gem ent , as w el l  as m obi le he alt h 

50 m illio n virtual physician visits delivered 

annually by Teladoc, c.5% of total US market (Teladoc 

annual report ) 

10 m illio n additional healthcare workers 

needed globally by 2030 with shortages in 132 
countries (WHO)

c. 23% of women in Sub-Saharan Africa face 

barriers in accessing healthcare due to the distance 
of the nearest healthcare facility (NIH)

SDG impact delivered through Technology solutions, providing digital 

platforms for the delivery of public and pr ivate sector services

28%

Disclaimer: The information above does not reflect the views of Teladoc, which makes no representations or warranties of any kind, express or implied, 
about its completeness, accuracy, or reliability. SDG impact calculations have been prepared by the F4G Foundation.

Teladoc

Potential Contributions to Key SDGs in %

98
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E-Learning: The Case for Scaling

Key Highlights

ÁDigital learning platforms can close education gaps through remote and personalised learning, 
teaching digital literacy and supporting and training teachers 

Á c.500 national digital learning platforms in the world today across 180 countries, but many lack best 
in class features including
ÁOn- and offline functionality
ÁEnhanced accessibility
ÁMobile enablement
Á Interactivity
ÁLearning management functions and online resources 

ÁUNICEF and UNESCO have launched the Gateways to Public Digital Learning program to strengthen 
national platforms, by identifying and sharing best practices, and setting norms and standards for 
platform development

üFit for purpose e-learning platforms have a critical role to play in delivering inclusive, high-quality 
education globally, while also addressing the growing digital divide

e-Learn ing Plat forms
Delivering Digital Education Outcomes Globally

Na t ional  d igi t al  lear n ing p lat form s used by governm ent s around t he w or ld  t o 
ov ercom e bar r ier s t o educat ion  and t o im prov e ov er al l  lear n ing ou t com es

244 m illio n children currently out of school 
(UN)

70% of children aged 10 in low- and middle-

income countries unable to read and understand a 
simple text (UN)

69 m illio n teachers are needed to reach 

universal basic education by 2030 (UN) SDG impact delivered through Technology solutions, providing digital 

platforms for the delivery of public and pr ivate sector services

59%

Potential Contributions to Key SDGs in %
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Key Highlights

ÁCurrently, over 500 products are being developed worldwide using CRISPR and are at different stages of 

development

ÁEnriched Nutrition. Development of agricultural products enhanced with targeted vitamins and amino-

acids to increase nutrition and deliver additional health benefits

Á Improved Yields. Technologies increasing grain sizes have delivered maize and rice crops offering 10% 

and 8% yield increases, respectively 

ÁCrop Resistance. Multiple applications including targeting susceptibility for specific diseases and creating 

more drought and temperature resilient crops

Á Improving Regulatory Support. The European Commission has tabled a 2023 proposal to widen the EUɅs 

strict GMO regulations to allow (mutagenesis and cisgenesis) gene-edited agricultural products

üGene edited agricultural products have a potentially critical role to play in feeding the soon to be ten billion 
people in a world facing increasing environmental constraints and challenges

Gene Edit ed AgTech
Creating functional cures for previously untreatable diseases

Target ed gene edi t ing t echnologies based on  CRISPR/ Cas9 have t he pot en t ial  t o 
re volu t ion ize global food syst em s w it h  enhanced nu t ri t ion , im pro ved food safet y, 

gr eat er  resist ance t o disease, and bet t er  cl im at e resi l ience

238 m illio n people in 48 countries facing 

acute food insecurity in 2022, up 10% annually 

(Reliefweb)

60% increase in global food production required by 

2050 to feed the global population  (FAO)

90% of the worldɅs soil at risk of degradation 

by 2050. (UNDRR)

38%

SDG impact delivered through technology solutions, underpinning 

sustainable food production, providing productivity increases, 
nut rit ion benefits, and supporting genetic diversity 

Gene Edited AgTech: The Case for Global Scaling

Potential Contributions to Key SDGs in %

100



Technology as a Force for Good, 2024 Report 

 

 101 

  

Key Highlights

ÁMulti-agency UN initiative involving the International Telecommunications Union, the World Meteorological 

Organization and the United Nations Office for Disaster Risk Reduction, in partnership with the 

International Federation of Red Cross and Red Crescent Societies (UN)

ÁMHEWS are integrated systems addressing varying hazards in contexts where hazardous events may 

occur alone, simultaneously, cascading or cumulatively over time, considering potential interrelated effects

ÁMulti-technology and effort integrating monitoring and modelling systems (sensors, ICT and AI), warning 

and communication systems (telecom and mobile), and knowledge management systems (Internet, IT) 

üMulti-hazard early warning systems are critical to minimizing harm to people assets and livelihoods in the 
worldɅs most vulnerable places, underpinning sustainable development efforts and adapting for inevitable 
climate change 

Ear ly Warni ng for  All (EW4A)
Multi-hazard Early Warning Systems Covering Every Person on 
Earth 

Initiative to create early warning systems (MHEWS) with global coverage including 

disaster risk knowledge, hazard detection, monitoring, and forecasting, warning 

dissemination and communication, and response preparedness

300,000 disasters related deaths across 135 

countries between 2015-2021  (UN)

1.05 billio n people in 145 impacted by 

natural disasters between 2015-2021  (UN)

US$330 bi l l ion average annual economic 

losses from disasters, representing 1% of 
impacted countriesɅ GDP (UN)

11% 13%

SDG impact delivered through technology, policy and public 

spending  solutions, creating human and asset resistance to and 
resilience against disasters

Mult i-Hazard Early Warning Systems: The Case for Global Scaling

Potential Contributions to Key SDGs in %
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Hydrogen St rategies: The Case for Scaling

Key Highlights

Á Ener gy Sto r age . Hydrogen and hydrogen-based fuels are high potential technologies for storing 
energy from renewables, with the potential to transport energy over long distances

Á Tr an sp o r tat io n  an d  Lo gist ics. Hydrogen fuel cells are functionally superior to lithium-ion batteries in terms 
of energy density, range and recharge speeds, making (green) hydrogen an attractive zero-carbon 
alternative to battery electric vehicles for long range logistics and commercial vehicle fleets 

Á In d u st r ial Decar b o n izat io n . Hydrogen is one of the limited options for major decarbonizing industrial 
sectors, such as iron and steel, cement, and chemicals,  which require chemical transformations that are not 
amenable to decarbonization by other clean energy sources.

Á In creasin g Po licy Fo cus. Major countries are increasing green hydrogenɅs role their energy strategies, with 
the EUɅ targeting green hydrogen to account for up to 20% of the energy supply in 2050 and China seeking 
to increase green hydrogen production to 100 GW by 2030, 12x the level of global production in 2022

üGreen hydrogen has a potentially critical role to play in the global energy transition, filling in gaps where 
electricity cannot easily or economically replace fossil fuels across logistics, industrials and energy storage

Green Hydrogen
A Critical Technology of the Long-term Energy Transition and 
Global Carbon Neutrality 

Green  hydr ogen  solu t ions, (pr odu ced by  elect r olysis po w ered by  r enew abl es), ar e a zero-
car bon  alte rnati ve to  fossi l  fuels in  key industr ial  processes and com m ercial  logisti cs, 

fi l l ing a cr i t ical  n iche in  t he energy t r ansi t ion  alongside r enew ables and elect r i fi cat ion

85 gigat ons, CO2 emissions reduction 

potential of green hydrogen by 2050 (>2x global 
annual CO2 output) (Deloitte)

6x  growth in global hydrogen energy 

production to 2050 (Deloitte)

US$1.2 t r i l l ion in green hydrogen 

investment needed by 2030 to meet global 
climate targets (IEA)

3%16%

SDG impact delivered through private sector and infrastructure 

solutions, providing sustainable and decarbonized energy, 
infrastructure, and industrial development

Potential Contributions to Key SDGs in %
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Key Highlights

ÁModularly constructed omni-processors  combine an incinerator, and power plant using thermal 

hydrolysis and a water filtration system to treat faecal and wastewater sludge while generating electricity

ÁAquaporins, or water channels, are organic proteins that filter and purify water twice as fast as other 

existing water-treatment systems, and almost double the water recovery rate as well, treating highly 

polluted industrial wastewater in the oil and gas, food and beverage, dairy farming, and textile industries

ÁNanotechnology including carbon nanotubes (CNTs) and graphene coated membranes can remove 

nearly any organic, inorganic and biological compounds from water more efficiently than conventional 

filtration methods

üAdvanced water purification and treatment technologies are critical to underpinning health and 
sustainable development, particularly in least developed and other vulnerable countries

Filt rat ion and Wat er  Treat m en t  Tech nologies
Advanced technologies improving physical, biological and 
chemical water filtration and treatment systems globally

In novat ive t echnologies are im pr oving t he ef f iciency, reducing t he cost , and dr iving 
th e scalabi l i ty  of  w ate r  f i l tr ati on  and w aste w ate r  tr eatm ent te ch nologies around th e 

wo r ld 

1.7 billio n people use dr inking water 

sources contaminated with faeces (WHO)

40% deficit in the global water supply 

projected by 2030 . (UN)

US$260 bi l l ion is lost globally each year 

due to lack of basic water and sanitation (water.org)

51%

SDG impact delivered through technology, infrastructure and public 

spending solutions, delivering safe drinking water and access to 
sanitation, and improving water quality, et al.

Water Filt rat ion and Treatment : The Case for Global Scaling

Potential Contributions to Key SDGs in %
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Conclusion  

Of course, the worldɅs requirement  for sustainability does not end in 2030 , or with the 

achievement of the SDGs, which are merely a stepping stone from which further progress can be 

made for the world . As stated above many of the 19 core technologies are unlikely to have an 

impact on 2030 Agenda  given their stage of development and the need for further innovation 

breakthroughs. However, over the longer -term their  sustainability impact is potentially 

transformative for the world. Potential examples worth considering include the following :  

1. Fusion Energy, delivering near zero-cost, universal, clean, and highly scalable energy 

across the world ; 

2. Artificial General Intelligence (AGI), offering universal problem -solving capabilities to  help 

efficiently address nearly every global issue; 

3. Advanced Nanotech in Medicine, Material and Environmental Sciences, reshaping our 

bodies and physical environmental in a dynamic and targeted fashion ; 

4. 3D Printed Organs and advanced human performance re -engineering, underpinning 

significant extensions in human life - and health -spans; 

5. Synthetic Biology, engineering living systems to solve environmental, economic , and social 

challenges; 

6. Brain-Computer Interfaces (BCI), offering cognitive enhancement and integrating the 

benefits of AI for individuals ;  

7. Space Elevators, providing a platform for the scaled and cost effective scientific economic 

exploitation of space , and 

8. Light-based (Optical) Comput ing, significantly increasing globally available computing 

power and speed using less space and energy, underpinning further digital enablement 

and value creation.  

 

In summary  

Á Addressing the worldɅs near-term  security and sustainability challenges will require 

substantially meeting the SDGs, which will require the deployment and scaling of a series of 

solutions  that leverage established technologies . 

Á These solutions will need to include both enabling technologies that can underpin the 

delivery of all the goals, as well as targeted digital and industrial technology solutions that can 

make a significant impact on specific goals.  

Á The ten solutions highlighted in this report collectively have the potential to solve for nearly 

50% of the SDGsɅ delivery with global deployment and scaling. 
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VI. Conclusion: Shaping  the Future  

 

Technology is the catalyst for a civilizational shift in the world. As such, competition 

for technology leadership has become a matter of national security. However, in the 

absence of raising the Global South, the continued progress of the rich nations of the 

Global North is at risk. The SDGs can be solved with existing solutions and deliver a 

more equitable platform from which technology can build a far superior future. In the 

transition to a new civilization built on information and a new generation of 

technolog ies, the world is about to enter a whole new era that has the potential to  

deliver peace, prosperity , and freedom to all. The tech industry has a critical role to 

play in building this superior future . 

 

The Rising Wave of the Future  

Irrespective of the seemingly cascading set of disruptions that continue to distract global leaders 

from long -term planning, the momentum pushing the world into a future defined by new 

technologies is inexorable. This future is today being shaped by a series of core technologies of 

which a few are critical to decisively shifting the world from the now fossil fuel -limited present to a 

more unbounded future. These defining technologies change the underlying energy and resource 

base of the world and  use AI and digital technologies to transform every aspect of human activity. 

The current status of research and innovation in these areas indicates that these breakthroughs 

are at least a decade away, though.  

 






























