
TECHNOLOGY 
AND INNOVATION
REPORT 

2021
Dr. Clovis Freire
Economist
Science, Technology and 
Innovation Policy Section
Division on Technology and 
Logistics, UNCTAD



CATCHING TECHNOLOGICAL WAVES

• Focus is on the impact of frontier technologies in 
developing countries

• Provides a comprehensive picture of the status and 
trend of frontier technologies

• Highlights the different effects of the two waves of 
technological change: the digitalization and Industry 4.0

• Few countries create the technologies that drive this 
change, but all countries will be affected by it 

• Almost none are well prepared for the consequences 

https://unctad.org/webflyer/technology-and-innovation-
report-2021

https://unctad.org/webflyer/technology-and-innovation-report-2021


CATCHING 
THE WAVES

The great divide, and 
waves of technological 
change.

Presenter
Presentation Notes
The report makes the point that we live at the beginning of a new technological revolution, that could entrench or aggravate the  great divides between countries that we see today and that started after the first industrial revolution. 
Very few countries create the technologies that drive this revolution. But all will be affected by it. Almost none are well prepared for the consequences. This is a critical issue in which leadership to ensure development-friendly outcomes is urgently needed.
Before the industrial revolution there was little income disparity in the world. Since then, every wave of progress was associated with sharper inequality between countries. Now, the gap in the average income per capita between developed and developing countries is $40,749. 
In the past 40 years, inequality within countries has also increased in many developed and developing countries.




PROSPERITY WITH INEQUALITY

Presenter
Presentation Notes
In reality, there has been great progress in general, not only in developed countries. 
People on average are living longer and healthier lives, getting more years of education and having better access to clean water, sanitation and electricity. 
A global middle class has emerged, fuelled by rapid growth in emerging economies.
Nevertheless, there is persistent poverty, There are also large disparities in income-earning opportunities, as well as in standards of education and health. 
As indicated in these figures, despite considerable progress, there are still many disparities across countries. 




WIDE INCOME GAPS
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Inequality as covered in this report is a multifaceted concept. 
But many of the inequalities illustrated also correlate with levels of income, and the report discusses how income inequality has changed.
It noted that Global inequality is extremely high, but for the past 10 to 15 years, it has decreased mainly because large developing countries, mostly in Asia and most notably China, have grown faster and started to catch up. 
However, there has also been another opposing force to the positive trend of reducing global inequality. 
Over the past 40 years, inequality within countries has risen in many regions. Income inequality within countries has increased not only in some developed countries such as the United States and European countries, but also in developing countries such as China and India.
For example, as show in these figures, the top 1 per cent in China increased its share of the pre-tax national income from 6.5 per cent in 1980 to 14 per cent in 2015. In the same period, the bottom 50 per cent decreased its share from 27 to 15 per cent. 
In India, the increase in disparity was higher; the top 1 per cent increased its share of the pre-tax national income from 7 to 21 per cent, while the bottom 50 per cent reduced its share from 23 to 15 per cent between 1980 and 2015. 




CONTRIBUTION OF INEQUALITY BETWEEN AND 
WITHIN COUNTRIES TO GLOBAL INEQUALITY
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Given that inequality within many countries is going up, and at the same time disparity between countries, although still high, is going down, what is the final effect of these two trends in different directions? 
To answer that question, we must consider the contribution of inequality between and within countries to global inequality. 
Estimates suggest that the contribution of between countries inequality is enormous. It has increased since the onset of the industrial revolution from 28 per cent of total global inequality in 1820 to 85 per cent in 2002.
 In other words, in 1820, global income inequality was driven by class divides within countries, while now it is driven by the lottery of birthplace. 




INCREASING INEQUALITY BETWEEN COUNTRIES IN
ABSOLUTE TERMS
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Since inequalities between countries are more critical in terms of the overall impact on global inequality, its recent reduction, although at a still high level, is a reason to celebrate. 
However, the decline in inequality between countries hides the fact that in absolute terms, this inequality has never been higher and continues to increase, as seen in this figure.
In summary, between-country inequality is the most significant contributor to global inequality, and in absolute terms, the gap between developed and developing countries has only increased. For policymakers in developing and developed countries, this is a critical trend that has to be reversed.  




TWO-PHASE REVOLUTIONS
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There is no consensus about how the dynamics of economic inequality should be interpreted. And many factors affect inequality.
One of them is the impact of technological revolutions. 
These can be considered in two phases. The first phase is installation – which can widen income inequality between most workers and in the more advanced industries. 
The second phase is deployment – which also tends to be uneven: not everyone gets immediate access to the benefits of progress. The resulting divisions lead to public discontent. 
At present, the world is reaching the end of the deployment phase of the “Age of ICT” and, using frontier technologies is starting the installation phase of a new paradigm, the so called Industry 4.0.
The deployment of ICT resulted in an enormous concentration of wealth in the ownership of the major digital platforms. 
How will Industry 4.0 affect inequalities between countries? 
Much will depend on whether countries are catching up, forging ahead, or falling behind – which in their turn will depend on their national policies and on their involvement in international trade. 




Tech 

revolution

Techno-economic paradigm

First The industrial revolution (1771)

Second Age of steam and railways (1829)

Third Age of steel, electricity and heavy engineering (1875)

Fourth Age of oil, automobile and mass production (1908)

Fifth Age of ICT (1971)

Sixth Industry 4.0 (2010s speculative)
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The framework of techno-economic paradigms has identified five technological waves since the Industrial Revolution; Industry 4.0 is considered by many the next.
Some of the elements of previous techno-economic paradigms are still being implemented in different economic activities in developing countries. 
In many of them, mechanization has not reached most of the farms (first technological revolution), large shares of the population lack access to electricity (third technological revolution), many production sectors have not been able to take advantage of economies of scale and become internationally competitive (fourth technological revolution), and the digital revolution (fifth technological revolution) has been limited to the use of mobile phones and digital platforms. 
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In countries at the core of the techno-economic paradigm, new technology deployment in production sectors is accompanied by the rollout of infrastructure and the consumption pattern changes. 
Once a technological revolution matures, financial capital starts to look for new opportunities for higher profits, either by stretching the paradigm to other countries or betting in an emerging technological revolution. That creates the sequencing of waves of technological revolutions. 
The technological waves reach developing countries with a delay. 
The deployment of the required infrastructure of the paradigm and the changes in consumption patterns tend to reach countries first – for example, smartphones and e-commerce. 
The deployment of new technologies in the production sectors is the last stage. It may first occur through FDI, and only after further delays, it starts to be integrated into domestic firms.
The result is a patchwork of elements of different techno-economic paradigms in various sectors of the economy. 




CONCEPTUAL FRAMEWORK



CONCEPTUAL FRAMEWORK



HUMANS & MACHINES
AT WORK
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The report first considers the impact of frontier technologies on inequalities through the production’s lens. 
It starts by linking technological change to inequalities through its impact on jobs, wages and profits, 
These Inequalities could arise in different points of the economic structure (e.g. occupations, firms, sectors). 
Income inequalities also emerge between wage earners and owners of capital. 
Another level in which inequality emerges is in the differences in the economic structures of countries. 
The sectors in a country and their contribution to output and employment characterize the country’s economic structure and level of the productive capacity and, therefore, its average productivity and income. Thus, differences in economic structure drive inequalities between countries.
The contribution of each of these elements to income inequality in a particular country is conditional of many factors, such as labour, social and economic policies, the level of development of the country considered, or the size of the sector and the firms. 
Therefore, at any given time, in a particular country, income inequality could be increasing or decreasing at different dimensions of the production framework 




A COUNTRY READINESS 
INDEX

AUTOMATION TAKING JOBS
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A critical question of this report is: How do frontier technologies make the processes describe above different from the past? 
In principle, there is no difference. 
The channels and mechanisms described above apply in the same way for the new technologies today as they had applied for the technologies of the past when they were first adopted. 
However, each wave of technological change brings inequality in new shapes.  
Nowadays, one of the major concerns is that AI and robotics will reduce employment. 
Previously, many jobs were considered safe because it was difficult to teach computers how to perform them. 
Now, however, the computers can often teach themselves. And they can not only perform tasks but also take decisions through automating predictions.
Nevertheless while some jobs will disappear, others will emerge. 
And even when it is technologically feasible, capital may not replace labour; much depends on relative prices. At the same time, the overall demand for labour could be increased by macroeconomic effects. 
Another concern for developing countries is that multinational enterprises could take advantage of frontier technologies to reshore manufacturing that had previously been moved overseas. 
This process could slow the shift of more traditional industries such as garments, footwear, and low-tech electronics from China to less-industrialized countries in Asia and Africa. 
The feasibility of reshoring does, however, depend on many other factors, including ownership, and the scale of production, and the country’s position in the supply chain. 




AI AND GLOBAL ECONOMIC INEQUALITIES 

If AI primarily uses ‘big data’ generated by users, this will mainly benefit
the United States and China, whose digital platforms gather massive
amounts of such data.

If it primarily uses big data gathered by the Internet of Things this
would benefit other countries with strong manufacturing – such
as the EU, Japan and the Republic of Korea.

Allow computers to learn more like humans by equipping them
with conceptual frameworks of how the world works, this would
still demand resources and capabilities more likely to be found
in the developed countries.
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The impact of AI on inequality between countries will depend to some extent on the type of input data. 
If AI primarily uses ‘big data’ generated by users, this will mainly benefit the United States and China, whose digital platforms gather massive amounts of such data. 
But if it primarily uses big data gathered by the Internet of Things this would benefit other countries with strong manufacturing – such as the EU, Japan and the Republic of Korea.  
A third AI scenario involves allowing computers to learn more like humans by equipping them with conceptual frameworks of how the world works. 
This method of mimicking human intelligence harks back to the origins of AI and its prospects have been revived by new research and computational tools. 
This would not particularly benefit the US or China,, but would still demand resources and capabilities more likely to be found in the developed countries, which would enable them to pull further ahead of the developing countries.

Instead the developing countries could scale up their own deployment of these technologies to diversify their economies, and create jobs. 
This is a daunting but achievable task. 
 In the past, countries like China, Mexico, Brazil, and a handful of Asian economies were able to climb up the value chains, replacing low-wage, low-skill manufacturing activities with higher-skill, higher-value added production. Those low-skill activities were then passed on to poorer countries. 
The fear now is that frontier technologies and Industry 4.0 will upend these traditional development processes, making a difficult journey even harder. While it is important to address these fears, the dangers need to be put in context. Many LDCs and low-income countries do not have the low-wage assembly jobs that are most in danger of being eliminated by frontier technologies. At the same time, there may be areas where low-income countries can benefit directly from frontier technologies. 




JOB POLARIZATION
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Another concern is job polarization, the expansion in high- and low-wage jobs and the contraction in middle-wage jobs. But not all job polarization can be attributed to technological change, much will also have been an outcome of trade and international competition. 
In developed countries, from 2000 to 2020, job polarization has been associated with a 4% reduction in medium skill jobs, but in lower-middle income developing countries there was an increase of 6% in the same period. 
So, it is expected that low and lower-middle-income developing countries will be less exposed to potential negative effects of AI and robots on job polarization. 




THE GIG ECONOMY

IMPACTS OF THE 
GIG ECONOMY

Job 
creation
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rights 

Join 
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Frontier technologies are being used to provide services via digital platforms that have spurred the creation of a ‘gig economy’.  
Some of this work is locally based, but some is “cloud work” that can be performed anywhere via the Internet. 
While the gig economy provides employment, this is typically on insecure terms, creating a precarious class of dependent contractors and on-demand workers.  
The consequences for inequality will depend on whether the gig workers are poor people who would otherwise be unemployed, or middle-class people looking for a small additional income. Inequality will certainly rise if these jobs replace better-paid ones or replace full-time jobs with part-time ones, or if profits grow faster than salaries. The gig economy may also increase gender inequality: women are less likely to be working on digital platforms, but they often do so for more hours than men and for significantly lower wages.
If service occupations are tradable internationally, salaries may converge. This has happened in computer coding, for example, and in digital design as well as in medical diagnostics, paralegal assessments, and image recognition. 




DEMOGRAPHIC CHANGES
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The first challenge is the change in demographics.
Demographic change affects the supply of labour in the economy and the incentives that firms face for automation.
Globally, the population is expected to increase from about 7.9 billion people in 2020 to 9.7 billion in 2050. 
The most significant increases are estimated to be in low and lower-middle-income countries.
The population in high-income countries is estimated to remain at about 1.3 billion people for the next three decades.  
Most of the increase in population will be in sub-Saharan Africa, with an increase in the population size by 1 billion people.
Firms in Africa will have fewer incentives to use automation as a form of saving labour costs. 
However, the report also notes that the choice of technique also depends on many other factors, including those specific to the firm, industry, and policies.




TECHNOLOGICAL GAP
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The second challenge is the lower technological and innovation capabilities.
There are several disparities between developed and developing countries in the level of productivity, the shares in global production of more sophisticated products, in the amount of research produced, and in the pace of adoption of frontier technologies in their production structure. 
For example, the adoption of new technologies tends to increase the productivity of production.
But the gap between labour productivity in low-income countries is other country groupings has increased.
It is likely that lower-income countries will also fall behind in the adoption of Industry 4.0. 
For example, AI and robots are usually applied first and more intensely in industries, services and segments of value chains in which more industrialized economies have a comparative advantage, widening the technological gap. 




SLOW DIVERSIFICATION
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Another challenge is to balance promotion of innovation on the frontier and traditional technologies 
The argument here is the following:
Research shows that growth-enhancing structural transformation, the one that moves jobs and production from low to high value-added products, requires economic diversification.
The country needs to be able to produce new goods and services and to upgrade its production. 
But it is not just any kind of new product. 
To be growth-enhancing, diversification should have a direction; it should be towards products that are considered more complex. 
For developing countries, most of the innovation is through the emulation of production that already exist in more industrialized countries, which requires the capacity to absorb and adapt technologies to the receiving country’s context. 
But diversification is path-dependent. What a country produces today matters a lot for what the country is more likely to produce tomorrow. 
This tends to be an incremental process. And products produced by low income developing countries, usually commodities, a far way the in terms of capabilities to the sectors that may adopt frontier technologies first.




WEAK FINANCING MECHANISMS
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Another challenge for developing countries is how to finance the promotion of the use, adoption and adaptation of frontier technologies.
Developing countries, particularly the least developed countries, have weaker financing mechanisms to support innovation in general. 
R&D expenditures in most developing countries remain much smaller in terms of the percentage of GDP than in developed countries.
Very little is funded by the private sector to develop industrial technologies for productive application.
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Also stringent intellectual property rights are likely to reinforce existing technological divides.




ACCELERATING TOWARDS INDUSTRY 4.0

National innovation policies 
need to align with industrial 
policies. 

In many cases better access to 
patented technologies is required. 

Finance source include official 
sources, impact investment, 
venture capital, crowdfunding, 
and Innovation and technology 
funds. 

Policymakers need to anticipate 
the impacts on the workforce. 

Labour unions will also have a big role to 
play to protect workers 
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In face of these challenges and prospects, many national and local governments are stimulating the growth of new industries and services in frontier technologies. 
To be fully effective, effective measures to support frontier technologies need to be consistent with proactive industrial policies. In many cases this will require better access to patented technologies and opportunities for technological learning through public-private R&D. 
Some of the finance for innovations can come from alternative models for funding like impact investment, venture capital, crowdfunding, and Innovation and technology funds. 
Policymakers also need to anticipate the impacts on the workforce. Workers should also be able to rely on stronger mechanisms of social protection and different forms of income redistribution.
Labour unions will also have a big role to play to protect worker rights, especially with gig work on platforms and in automation. 



TECHNOLOGIES 
AFFECTING 
INEQUALITIES 
THROUGH ACCESS 
& DESIGN
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Now let’s turn to the other side of the analysis: the potential impact of technology on inequality through the perspective of the users of the technology.
One of the most critical aspects is access – which can be considered to comprising of a combination of “five A’s”: availability, affordability, awareness, accessibility, and ability for effective use.
Access to technology can also be restricted by social norms – for women, ethnic minorities and other disadvantaged groups, even within the same household. 
The other aspect is the design of the technology and the goods and services using the technology.
Technology, frontier or otherwise, may support initiatives of all kinds - social, political, or environmental - but all technology needs to be designed carefully if it is to help rather produce unintended side effects.




CHALLENGES FOR DEVELOPING COUNTRIES
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low-income countries 45%.
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in developing countries, the basic 
computer skills are on average
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developed countries
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Again, developing countries face challenges. The major issue is the higher level of poverty in developing countries.
In upper-middle-income and high-income countries, the average share of the population living in extreme poverty is only 2%, but in low-income countries, it is 45%.
As a result, access to goods and services is more difficult for a larger share of the population in developing countries. In this case, the barriers are not technological but economic and social.
Another challenge is the digital divide. Almost half of the world’s population remains offline. Many developing countries do not have adequate digital infrastructure. 
In high-income countries the monthly price of 1GB of data represents, on average, 1.1% of GDP per capita per month, but in low-income countries this proportion is more than 20%.
There is of course, also a significant shortage of skills in developing countries when compared with developed countries.
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Other major concerns nowadays are related to the biased design and unintended consequences of AI, and inequalities and ethical considerations of gene editing.
Biases within AI systems can arise because they employ biased algorithms or biased data for training. For example, one study found that being signed into a Google account as a woman reduced the likelihood of seeing advertisements for higher-paying positions.
Regarding gene editing, a 2017 study shows that most clinical trials of gene therapy were in the United States (63%) and Europe (23%). 
And gene editing also raises ethical questions such as what constitutes an ideal human being. This could result in an underclass of people who cannot afford genetic treatment. 



THE TIR 2021 COVERS 11 FRONTIER TECHNOLOGIES
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The “frontier technologies” are a group of new technologies that take advantage of digitalization and connectivity which enable them to combine and converge to multiply their impacts. This report covers 11 such technologies: artificial intelligence (AI), the Internet of things (IoT), big data, blockchain, 5G, 3D printing, robotics, drones, gene editing, nanotechnology and solar photovoltaic (Solar PV).  
These technologies can be used to boost productivity and improve livelihoods.  AI, for example, combined with robotics can transform production and business processes. 3D printing allows faster and cheaper low-volume production and rapid, iterative prototyping of new products.  
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TECHNOLOGY 
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Market size estimates of Frontier technologies, 
$billions
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As a group, these 11 technologies already represent a $350-billion market, and one that by 2025 could grow to over $3.2 trillion.
Finance companies have used these technologies, for example, for credit decisions, risk management, fraud prevention, trading, personalized banking and process automation. The manufacturing sector has used them for predictive maintenance, quality control and human-robot collaboration. 
Many of the major providers of these technologies are from the United States which is home to major cloud computing platforms.  China is also a major producer, notably of 5G, drones and solar PV. In terms of publications and patents, for each of the technologies, these two countries are also responsible for 30 to 60 per cent of patents and publications.




A COUNTRY READINESS INDEX
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Only a few countries currently create frontier technologies, but all need to prepare for them. 
To assess national capabilities to equitably use, adopt and adapt these technologies this report has developed a ‘readiness index.’ The index comprises five building blocks: ICT deployment, skills, R&D activity, industry activity and access to finance. 




A COUNTRY 
READINESS INDEX
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Based on this index, in general, the economies most ready for the equitable deployment of frontier technologies are in Northern America and Europe. 
The top 10 are the United States, Switzerland, United Kingdom, Sweden, Singapore, Netherlands, Republic of Korea, Ireland, Germany, and Denmark.
Most least-ready countries are in sub-Saharan Africa, and in the developing countries generally. 



A COUNTRY READINESS INDEX
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Most least-ready countries are in sub-Saharan Africa, and in the developing countries generally. 




COUNTRIES 
OVERPERFORMING
RELATIVE TO PER 
CAPITA GDP
Gain in ranking position.
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But there are clearly many outliers – countries that perform better than their per capita GDPs would suggest. The greatest overperformer is India, ranking 65 positions higher than expected, followed by the Philippines, which ranks 57 positions higher.
The countries that outperform have promoted and invested on innovation and technological learning through domestic R&D. 
They also have been more successful in diversifying economy, which has created the opportunities for innovation and the deployment of new technologies.
However, overall, the top overperforming developing countries have lower rankings for ICT connectivity and skills.
Therefore, developing countries need to work towards universal internet access and ensure that all their citizens have opportunities to learn the skills to be more ready for frontier technologies.




CDDCs are less prepared to adopt and adapt frontier 
technologies

Source: UNCTAD based on the frontier technology readiness index in the Technology and Innovation Report 2021.
Note: The frontier technology index is computed based on indicators in five dimensions: ICT deployment, skills, R&D activity, industry activity, and 
finance access. 
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A more renewable-energy-intensive economy will result in 
greater overall demand for metals

Source: UNCTAD based on (Institute for Sustainable Futures, 2019) and World Mining Data

Tonnes % of annual 
production 

Year of peak 
demand 

Top reserve countries 

(global share)
Cobalt 1 966 469 1788 2050 Congo, D.R.(71,39%), Canada (3,58%), 

Russia(3,41%), Cuba(3,39%),Australia(3,12%)
Dysprosium 11 524 640 2050 China (99%)

Lithium 4 112 867 8 845 2050 Australia (60,58%), Chile(20,48%), 
Argentina(7,28%), Canada(4,61%), 
China(3,45%)

Neodymium 94 687 592 2050 China (86%), USA (6%), Australia (2%), Russia 
(2%)

Nickel 6 581 326 313 2050 Indonesia (24,16%), Philippines (15,29%), 
Russia (9,66%), New Caledonia (9,58%), 
Canada (7,98%)

Tellurium 834 199% 2035 China (74,19%), Japan (8,96%), Sweden 
(6,96%), Russia (5,41%), Canada (3,86%)

Peak annual demand from renewable energy and storage compared to current production (2017 data) 
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Windows of opportunity on deploying digital technologies and 
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Digitalization & 
Industry 4.0

Facilitating 
trade

Promoting 
financial 
inclusion

Leapfrogging 
infrastructure



Windows of opportunity on deploying digital technologies and 
preparing the ground for the 4th Industrial revolution in CDDCs

Digitalization & 
Industry 4.0

Facilitating 
trade

Promoting 
financial 
inclusion

Leapfrogging 
infrastructure

Unmet demand

Reducing price of tech



Windows of opportunity on deploying digital technologies and 
preparing the ground for the 4th Industrial revolution in CDDCs

Digitalization & 
Industry 4.0

Facilitating 
trade

Promoting 
financial 
inclusion

Leapfrogging 
infrastructure

Unmet demand

Reducing price of tech

Network effects

Efficiency gains of digitalization 

Funding available for solutions in 
e-commerce and GVCs

African Continental Free Trade Area

China, commodities and frontier tech



Windows of opportunity on deploying digital technologies and 
preparing the ground for the 4th Industrial revolution in CDDCs

Digitalization & 
Industry 4.0

Facilitating 
trade

Promoting 
financial 
inclusion

Leapfrogging 
infrastructure

Unmet demand

Reducing price of tech

Network effects

Efficiency gains of digitalization 

Funding available for solutions in 
e-commerce and GVCs

African Continental Free Trade Area

China, commodities and frontier tech

Mobile money



Promoting structural transformation through economic 
diversification and technological upgrading



DIRECTED TO SUSTAINABLE DEVELOPMENT
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To overcome these challenges, the international community needs to guide new and emerging technologies so that they support sustainable development and leave no one behind. 
From the outset, it will be important to establish ethical frameworks, particularly for the deployment of AI.  
Many voluntary initiatives are already aiming to ensure that the processes and outcomes are fair, transparent, accountable, and inclusive. 
Similarly, for human germline gene editing there needs to be a broad consensus on ethical and societal issues. 

Governments should also try to foster supportive ecosystems, based on technology assessments that analyse different techno-system paths and their impacts on inclusive and sustainable development.  An example of international cooperation to assist on that task is UNCTAD’s programme on STI Policy Reviews. 
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There is a need for policy to direct technological change towards meeting societal needs. 

The SDGs should serve as the basis for collective priorities – social, economic and environmental. 
These should drive national plans for research and innovation and for the use, adoption and adaptation of frontier technologies – aiming to reduce inequality between social groups, individuals, regions and countries. 

Extending the benefits of frontier technologies to the poor will require energetic public policy – devising plans, raising awareness, and creating incentives within a national innovation system, while also encouraging investment and community participation. And these solutions should generate incomes. 

The government can use procurement power to create markets for technologies that will stimulate economic development while also making lives better for poor households. 

And  directing innovation towards equitable outcomes requires visionary social policy supported by social citizen activism and grass roots innovation. 
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Against this backdrop, what is the role of civil activism?
First, we have to acknowledge that with the increasing interconnection of digital and physical worlds, social and digital inequalities are becoming the same. It is not possible to tackle one without addressing the other. Civil activism is badly needed to keep the fight for equality, for reducing social-economic and digital inequalities everywhere. 
Second, the dissemination of frontier technologies and the resulting changes in the economy will require accompanying changes in society and institutions. These changes tend to lag the economic change due to the stronger societal and institutional inertia. Laws, regulations and behavior that were adequate to deal with the challenges of previous technologies are usually ill-suited to address new challenges, but it takes time for them to change. In past technological revolutions, it took one or two generations to have these changes completed. Social activism is needed to make people realize that the mismatch between techno-economic systems and societal-institutional systems exist, to break the inertia and promote the required social changes.
Third, social activism is needed to keep governments and business, including financial sector, accountable for the roles that they play in steering the development and dissemination of the frontier technologies. And it is needed to keep us all committed to the sustainable development goals and the long-term development prosperity of people and protection of the planet.
Fourth, some of the mobilizing themes of organized civil society movements are already well known such as gender equality, the risks of climate change and the need for action to avert them, or the fight against racism. But technological change present these issues in new shades, and also brings to light new issues, that for many people are not “in the radar” yet, such as data privacy and ethical issues related to the use of social media. Thus, social activism in these areas serve the essential purpose of raising awareness.
And fifth, it may take time, but the combined efforts of civil society groups can eventually create a critical mass that could trigger changes in the behavior of users and consumers and of regulations, laws and practices in the supply side that could align technological development with societal goals. 
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Pilot solutions that work well in one place often need adapting to work elsewhere in the same province or country, not to mention in neighbouring or more distant countries. If this does not happen, the result is a proliferation of pilot projects. Between the piloting and scaling phases proven technologies can get stuck, and do not reach the broader community. 
To avoid this, governments and companies can follow the following principles.
Be guided by a vision – Organizations deploying technology should start with an ambitious vision, such as to provide drinking water to at least 100,000,000 people in the next five years. They then need to determine how to achieve it with strategies for mobilizing the required technical, financial, human capital, partnership, political and other essential resources, and then develop a plan for scaling up.
Engage the users –To launch a successful deployment programme, customers need to participate in both the product development and product marketing phases because, successful deployment programmes are a function of "culture, values, ethics, trust, leadership, history, politics,” as well as superstition, local customs, and social structures. 
Plan for deployment – Deployment is an indispensable piece of the puzzle and requires at least as much attention as the quest for new discoveries. 
Pass the baton – Harnessing frontier technology for the SDGs, is like a relay race in which the baton must be passed quickly from the scientists and engineers who develop new technological solutions to innovators who will take the lead in deploying these technologies at scale. 
Generate incomes – Income generation should be viewed as an indispensable component of sustainable deployment. No matter how heavily subsidized the technology, people will not continue to use it if they cannot afford it. The solution, therefore, is to use technology that will generate more income for households and communities by providing better access to more remunerative formal markets, especially in rural areas. 
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Critical in all this process is the role of business models in deploying frontier technologies to support inclusive and sustainable development. 

A recent UNCTAD paper that was a background study to the Technology and Innovation Report, studied 24 business models for scaling up frontier technology innovation for the SDGs, including the TP Renewable Microgrid by Tata Power, Rockefeller Foundation and ITT. The study found that:
- Two-thirds of the businesses analysed were digitally-enabled (e.g. using an app or a web platform)
- Many firms combine their digital side with additional goods and services (e.g. agricultural app that is linked to IoT sensors for better crop surveillance, or off-grid solutions linked to financing options to buy them)
- Many business models aim to ease access to their services and goods and hence access new customer segments (e.g. point-of-sale hardware and management tools for small corner shops that previously did not use any technology)
And prolonged customer relationships are an essential factor (e.g. through continued advisory services or upgrading within a product environment)

It is critical for governments and the international community to facilitate these innovative business models and to disseminate them so they can serve as the basis for still other business to bring needed products and services to poor communities using frontier technologies. 
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To catch up and forge ahead, developing countries need to adopt frontier technologies while continuing to diversify their production bases by mastering existing technologies. 
They need to keep both targets in sight. This will mean strengthening innovation systems, while aligning STI and industrial policies, building basic digital skills, and closing gaps in ICT infrastructure. 
Strengthen national innovation systems – Governments need to engage a wide range of actors who can help build synergies between STI and other economic policies (e.g. industrial, trade, fiscal, monetary and educational policies).
Align STI and industrial policy – Together these should draw firms into the core of frontier technology development. This would enable traditional production sectors to benefit from multiple channels of diffusion, covering foreign direct investment, trade, and intellectual property rights, patents and the exchange of knowledge and know-how.  
Develop digital skills –Education and training programmes should be inclusive and specifically involve women.  
Focus on the furthest behind – Country-wide access to electricity and to ICT should aim to bridge gender and generational gaps. Reaching remote areas and vulnerable groups may not be viable for the private sector, so governments should also consider incentives and subsidies.
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There is always the risk that rapid technological change can cause harm or perpetuate or accentuate inequalities. This should prompt public responses to: 
Strengthen social protection – During labour market disruptions workers should be able to rely on robust systems of social protection. Options include universal basic income schemes which might be financed by taxing capital, robots or other technologies.  
Ease workforce transitions – In addition to training and re-training through the public and the private sectors, government agencies may also support workers with personal counselling and improved job matching, and placement services. The youngest workers can benefit from apprenticeship programmes.
Anticipate the future –This will require ‘technological foresight and assessments’ – eliciting knowledge from a variety of actors about the industrial growth areas that match a country’s strengths to commercial opportunities.
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To overcome these challenges, countries individually, but also through concerted international efforts, needs to guide the development and deployment of new and emerging technologies so that they support sustainable development and leave no one behind. This is too critical to be left to the operations of markets on their own. 
Developing countries should be able to rely on technical and financial support through international cooperation: 
This will particularly be needed to achieve the following: 
Build stronger national capacities in STI – This will mean increasing the relatively small amounts of ODA directed to STI in the least developed and low-income developing countries. 
Smooth technology transfer –This may involve liberalizing access to trade and to technologies covered by intellectual property rights.
Increase women’s participation in tech sectors and innovation, if women are to play their full part in frontier technologies.
Improve foresight and technological assessment to better understand the socio-economic and environmental implications of frontier technologies. 
Promote inclusive debate so developing countries, especially the least developed countries, are part of the international debates on how new technologies affect people and society and on how they can promote the SDGs. 
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In conclusion,
Strong leadership will be critical to influencing how frontier technologies shape the world. Technology is rarely a solution on its own. Problems such as poverty, hunger, climate change or inequalities in health or education are inevitably complex and multidimensional. 
Frontier technologies can bring transformative power, but they need to be steered with an inclusive development compass and an eye on unintended side effects. This concerns all countries, but not all are equally prepared for it.
In doing so, governments should take the lead, but all stakeholders must bear responsibility, particularly big tech companies who control much of the innovations that we consume daily. 
Developing countries, particularly low-income countries, cannot afford to miss this new wave of technological change.  
Each country will need STI policies appropriate to its stage of development to prepare people and firms for a period of rapid change. 
This will require a balanced approach – building a robust industrial base and promoting frontier technologies that can help deliver the 2030 Agenda.
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In conclusion,
Developing countries, particularly low-income countries, cannot afford to miss this new wave of technological change.  
Each country will need STI policies appropriate to its stage of development.
For some this will mean promoting frontier technologies, while renewing efforts to take full advantage of existing technologies to diversify their economies and upgrade traditional sectors. 
Others can engage more deeply with the development and adaptation of frontier technologies. 
But all developing countries need to prepare people and firms for a period of rapid change. 
This will require a balanced approach – building a robust industrial base and promoting frontier technologies that can help deliver the 2030 Agenda.
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