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Abstract

Last year’s COP26 conference drew global attention to the science and technology that 
humanity will need in order to mitigate the climate crisis. New investment funds, scientific 
collaborations and technology policies are in train – for carbon removal, energy efficiency, 
renewable energy sources and more. But how quickly can these innovations be adopted 
and diffused throughout the world? Will they stay in the hands of the richer nations and 
companies that devise them, or spread globally? Will governments encourage the sharing 
of knowledge openly, or will climate technology become a new flash point in the global 
competition for jobs, income, health and safety?

This paper argues that we already have a test-bed for answering such questions: the global 
pandemic, and the ground-breaking science and technology it has stimulated. The lessons 
so far aren’t encouraging: while the global scientific community strove to share data, it was 
at times constrained by government. And those governments reverted to a depressing old 
form: focus on the national problems first and worry about the rest of the world later. That 
approach will not work in a global climate crisis.

Here, we argue that there is, in fact, a wide range of options governments could consider when 
tackling this next global science and technology challenge, of climate. The key objectives: 
keep science open, keep innovation and technology trade flowing as freely as possible, learn 
from each others’ implementation successes, and find a way to get the developed world 
cooperating better in technology while assisting the developing world in building its own 
talent and production capacity.  As others have pointed out, there is no vaccine possible 
against climate change. But there are thousands of lessons, big and small, to apply from our 
messy pandemic experience.

With this discussion paper, Science|Business welcomes informed comment from around the 
world on the merits and demerits of the various technology-diffusion options we are offered. 
Our aim is to encourage broad, expert and open debate, so that humanity can find the right 
policy course for its own survival.
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Introduction

Research on the impact of greenhouse gas (GHG) emissions and on the replacement of 
fossil fuels has been underway for more than 30 years now. Most has focused on a better 
understanding of the complex interactions of emissions with the surrounding environment, 
driven by scientific insights. Far less has translated into concrete engineering and technology 
solutions to fix the problem. There are many reasons for this. But one of the most important 
is our continued, pervasive “general purpose” use of fossil fuels throughout the economy, 
as illustrated in the figure below. In this economy, many enterprises are following what some 
call a “waiting” strategy: continuing their mainstream fossil-related activities, and keeping 
involvement in alternative technologies and renewable energy production to experimental 
pilots. It has been reinforced by the fixation of international capital markets on short-term 
financial profitability. As a result, investment in alternative technologies is a small yet growing 
segment of global R&D, but remains less attractive in the mainstream of the economy.     

How petroleum products flow throughout the economy
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Figure 2 – An Example of a Flow-Chart for Products from Petroleum-based Feedstocks Source: Werpy, T. et al. (2004). Top Value Added Chemicals From Biomass. Volume 1 - Results of Screening for Potential Candidates 
From Sugars and Synthesis Gas. US Department of Energy. 76. (See: https://www.researchgate.net/figure/An-Example-of-a-Flow-
Chart-for-Products-from-Petroleum-based-Feedstocks_fig1_235062870) 

https://www.researchgate.net/figure/An-Example-of-a-Flow-Chart-for-Products-from-Petroleum-based-Feedstocks_fig1_235062870
https://www.researchgate.net/figure/An-Example-of-a-Flow-Chart-for-Products-from-Petroleum-based-Feedstocks_fig1_235062870
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Columbia University economist Jeffrey Sachs has called this general-purpose use of fossil 
fuels, in the face of massive scientific evidence of the harm of GHG emissions, an “addiction”. 
For him, ending this addiction requires a total ban on fossil fuel extraction, and a massive 
investment in renewable energy technologies. But that would require massive change, across 
society. Some sectors and products will be completely transformed or disappear. And we 
must, at the same time, reduce waste, conserve water and materials, restore biodiversity and 
make economic production and consumption circular.

The climate crisis needs, in other words, global reflection on economic and social transitions: 
moving away from fossil fuel-based production and consumption, rethinking global transport 
of citizens and goods, and moving the drivers of economic growth away from material 
consumption to social well-being. All this, despite extreme differences in income and wealth 
across the globe. Such a reflection requires contributions from all of society – beginning with 
but not limited to scientists, engineers, entrepreneurs and social scientists.1 Sociologists 
must study what impedes adoption of new technologies. Economists must analyse carbon 
taxes and innovation incentives. Psychologists must understand how individuals respond 
to these challenges. Artists and writers must communicate the need for change. In short, 
besides needing business leaders and politicians to set the right policies and investments, 
we will need all the individual creativity, global cooperation and inter-disciplinary collaboration 
among countries and between private and public sector that humanity can afford.    

It is in this context that this discussion paper aims at stimulating public debate about global 
climate technology policy.  We start by drawing some lessons from the current COVID-19 crisis. 

Lessons from COVID-19

Compared to the long-term challenge of climate change, the COVID-19 pandemic illustrates 
the short-term impact of a major disruption. Fear of illness and death, with limited healthcare 
capacity, led authorities around the world to take unprecedented steps, including restrictions 
on individual freedom. There are, of course, major differences between the pandemic and 
climate change: scientific and technological knowledge about climate change has been with 
us for decades, whereas practical knowledge of the SARS-COV-2 virus and its vaccines was 
developed in months. But the pandemic and its resulting policy (in)actions provide a time-
compressed pilot of what can be expected of coming climate crises.   

Most notably, the pandemic reinforced the national context as the dominant framework for health 
policies. In the scientific world, of course, the leitmotifs were international cooperation, open 
access, data sharing and collaborative clinical testing. Scientific fact and evidence became, at 
least in the initial phases of the pandemic, a basis for public trust in the face of disinformation – a 
situation that climate scientists, confronted with disinformation campaigns for decades, could 
only dream about. 

But that globalist spirit did not extend to policy makers. Confinement policies, distancing rules, 
vaccine supply and distribution, healthcare administration – all were strictly national affairs; 
supra-national cooperation, from the EU to WHO, was kept to the margins of policy. The dialogue 
between scientific and political rationales led to very different outcomes in the various outbreak 
waves of the pandemic, ranging from highly restrictive to relatively relaxed confinements of the 
population2. One reason for these disparities was, ironically, the tendency of current virology 
and epidemiology to focus on national data, treating the rest of the world as an exogenous 
source of additional hazard. For years now, epidemiologists have viewed individual countries as 
containers for data collection and analysis. The national setting also provided the framework for 
estimating the capacity of medical facilities; even within the EU, the sharing of medical facilities 
from one member state to another was so rare as to merit news headlines on the occasions it 
actually happened. National health prerogatives were dominant, in line with the national funding 
of social and health security. In short, COVID-19 has shown that, in the crunch of a crisis, 
people turn to their national authorities, and vilify foreigners (the “Chinese virus”, the “South 
African variant”, the closure of borders.) If this is how a pandemic has played out, limited in time, 
imagine how a rolling, generations-long climate crisis will be handled. 
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Global access to technology 

Another pandemic and climate comparison: in both cases, the crisis may be observed first 
and foremost locally, but its impact rarely remains local. It will, given our highly interlinked 
economies, become global in nature, respecting no boundaries. 

With COVID-19, we have seen the need for world-wide vaccination if we want to prevent the 
spread of new virus variants. This need affects even those countries, such as New Zealand 
and Taiwan, that were initially most successful in containing the virus. Now, they too must 
vaccinate their populations. The same phenomenon will apply to climate change: the damage 
may be visible first in low-lying equatorial countries, but it will spread. As a recent United 
Nations report put it: “no corner of the globe is immune from the devastating consequences 
of climate change.”3 So, too, with COVID-19.   

Another similarity: as in the pandemic, one can expect that in environmental science the 
norm will be ever-greater openness. But in innovation and commerce, the picture gets more 
complicated. The business model in vaccine production4 typically discriminates between 
high-income markets for which high prices can be charged (though most phase 1 trials are 
publicly funded), and low-income markets with low prices at low or zero profit. This principle 
became part of the Global Alliance for Vaccines Initiative (GAVI) established in 2000; GAVI 
afforded some procurement power to low-income countries in need of vaccines, saving the 
lives of millions. But the speed of action differs by national income. In the rich countries, 
sequence analysis and mRNA platforms dramatically reduced the time for development and 
approval of new vaccines. But in the poor countries, everything has moved much more 
slowly. As Luc Debruyne, a strategic advisor to the Coalition for Epidemic Preparedness 
Innovations (CEPI), put it: 

 >  Once vaccines were successfully developed, a new market emerged, and 
everybody wanted to do a deal - first for themselves, then leaving a bit on the side 
for the rest of the world. We cannot blame politicians for this behaviour as, after all, 
it is their responsibility and duty to protect their people, and there were no global 
or regional pre-agreements on how we should deal with this situation... In terms of 
the future global approach, I think we need to learn from COVAX about what has 
worked, as well as do an honest appraisal of what has not. The next time we face 
a pandemic, we must ensure we have a fully configured system ready to respond 
at a national, regional, and global level.5

One fix proposed by some, including US President Joe Biden, has been forcing vaccine 
makers to waive their intellectual property rights in this global emergency. Instead, some 
argue, it is more urgent to develop vaccine production capacity in low-income regions, 
perhaps in a publicly supported collaboration with vaccine makers. As Oxford University 
economist Xiaolan Fu and her colleagues6 put it recently: 

 >  Even if the WTO adopts the patent waiver, pharmaceutical companies cannot 
be forced to share the know-how required to manufacture these vaccines… The 
US and the EU can incentivise, encourage and engage their pharmaceutical 
companies to share not only their patents but also their tacit production knowledge 
with manufacturers across the world through setting up joint ventures with local 
pharmaceutical companies…This approach may have a more rapid and significant 
impact on vaccine production than a change in intellectual property right regulation 
alone.
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Green deals and technology diffusion

And in fact, as with COVID-19, so with climate change, both rich and poor countries must 
act. Following Debruyne’s analysis, it could be argued that at national level most countries, 
wealthy or not, are currently paying an “invisible price” for ignoring climate change. Recent 
estimates of the environmental damage of fossil fuels, from production to consumption, 
range from 4% to 18% of GDP in 2015: an invisible welfare loss, in some EU states of €1,500 
to €2,000 per capita.7 Many sectors in those countries do not generate sufficient profit to 
compensate for these invisible costs. Such is the story in high-income countries. In many 
low-income countries, an added cost will apply: the early and catastrophic impact of climate 
damage (think of the Republic of Maldives).  

The need for a stronger focus on the effective use and application of green technologies, 
including knowledge transfer in all its forms, is hence an absolute necessity. It should 
characterise the diffusion of green technologies world-wide. Most of these green technologies 
are in their application primarily process technologies enabling, for instance, energy saving in 
housing and manufacturing, or accelerating the transition towards clean energy production 
and distribution. As in the case of vaccines, the efficiency gains in achieving reductions in 
greenhouse gas emissions could be most significant in low-income countries as they develop 
their economies more sustainably and draw upon local, informal knowledge. By contrast, 
in high-income countries, the costs of transition from mature, centralised fossil-dependent 
energy production and distribution networks are likely to be high. Not surprisingly, as a result 
the “green deals” in both the EU and the US designed to support national industries in their 
energy transition carry huge price tags8.

But this is a global issue. The idea that these national or supra-regional “green deals” in high 
income countries can simultaneously mitigate global climate damage and boost national 
competitiveness in green technologies is open to debate. Green competitivity cannot be 
based on our old notions of “technological competitiveness”, in which, as described by 
Nobel-winning economist Paul Krugman9, the global North develops and accumulates 
technology which is subsequently transferred to the South. Or, in his words: 

 >  The incomes of Northern residents depend in parts on the rents from their 
monopoly of newly developed products. This monopoly is continuously eroded by 
technological borrowing and must be maintained by constant innovation in new 
products. Like Alice and the Red Queen, the developed region must keep running 
to stay in the same place.  

It was this need for a process of continuous technological accumulation which was behind 
notions of achieving “smart” growth, as put forward in the European Union’s 2000 Lisbon 
Strategy and its current strategy of smart, sustainable and inclusive growth. But what does 
this imply for the South? What other direction of technical change can it pursue if not the 
Northern one? Here too, it seems as if the South must keep running to never catch up. 
Clearly, this is not sustainable. Indeed, one could argue that this North-South model has 
actually contributed to climate change, for it leads to the perpetual accumulation of new 
products and services with its concomitant energy, consumption and waste. This raises, as 
argued elsewhere10, fundamental questions about the role of innovation both as a factor of 
“creative destruction” and of “destructive creation.” 

Once our focus shifts towards the development of green, sustainable technologies, then 
acquiring technology-based rents should no longer be the main purpose of technological 
competitiveness. Green technologies are now needed everywhere to reduce global 
greenhouse gas emissions – and they are, in this sense, analogous to the need for global 
vaccination to eradicate the SARS-COV-2 virus. And, as just mentioned, because many 
green technologies are process rather than product-related, they could help make Southern 
economies more efficient and sustainable. The South could leapfrog the North.

Both COVID-19 and the environmental crisis present us today with striking illustrations 
of tipping points, each within very different time horizons. They both involve non-linear 
dynamics, with a multitude of cascading effects creating major uncertainties. 
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The exponential, systemic spreading of COVID-19, and its “syndemic” interaction with local 
socio-economic conditions, has a lot in common with the diffusion process of one or a 
cluster of radical innovations. Think of how steam, petroleum, electricity and other energy 
technologies spread around the world. Throughout history, such diffusion processes have 
been accompanied by structural change, skill mismatches and unemployment. Indeed, one 
could draw another analogy between technology diffusion and epidemic dynamics. One 
may speculate on what local factors create a good breeding ground for new technologies, 
and what facilitates their rapid diffusion elsewhere.  Can one detect or calculate, as in the 
case of SARS-COV-19, a “reproductive number” above which the diffusion of innovation 
might be automatic, and not need any specific policy support? Or, by contrast, is there a 
level at which innovations will not diffuse, and even fade away? And how does the diffusion 
process change the innovation itself?11 In short, the non-linear trends of epidemiology and 
technology diffusion have a lot in common. The public policy difference is of course the 
attempt, in the case of the pandemic, to restrict diffusion; with climate technology, the aim 
is more or less opposite. 

Conclusions and options

The pandemic highlights the response of many governments and citizens to uncertainty. 
Radical measures (closing borders, confining entire cities, shutting schools) were taken, 
each at national level with the aim of slowing the virus’ spread within individual countries’ 
borders. Whether analogous measures should  be introduced to manage a climate crisis, or 
drastic erosion of biodiversity, remains to be seen. 

Most striking is how the COVID-19 pandemic has offered national policy makers a new 
window of political relevance: a new form of health nationalism. This has often come at the 
cost of global solidarity. In this respect, the current responses to the COVID-19 crisis teach 
us a few lessons on what should and should not be done in an environmental crisis. 

This is why we need today a new order for sharing and developing technologies. Of course, 
and as argued above, the system will still have to allow private companies to get some 
advantage from being first to a tech party; but this can no longer be the sole basis for 
the growth strategies of high-income countries. The new green technologies essential for 
addressing climate change and environmental degradation must be shared quickly with 
countries across the world. 

It is not our intent in this paper to prescribe specific measures; rather, we wish here and 
in subsequent communications to spark informed, expert and international debate on the 
options that governments, industries and societies face. Within the EU, this debate has so 
far been restricted by a rather narrow focus on the merits or demerits of what has come 
to be called “strategic autonomy”: the notion that the EU must put up some technology 
trade walls so that its own strategic industries can grow and prosper. Similar themes, under 
different guises, have been heard in Washington and, of course, Beijing. This limits the 
possible avenues for action. We do not yet know what the magic policy combination will be 
for sharing out, or competing in, climate technologies. But as the environmental crisis builds, 
we will need open and global discussion. 
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To that end, we list a few options here that have caught our attention. We do not specifically 
endorse them. But we do urge their examination:  

 >  For emerging technologies, create model, multilateral science and technology 
agreements that clarify when and how anyone gets to profit from a vital invention, 
and when they have to share it. Today, there are scores of bilateral government 
agreements for basic research, and countless trade agreements for technology 
already on the market. The grey area is in emerging technologies. Where you draw 
the line between private and public good is the key question, of course – but at 
the least, we can start trying to answer it with some contractual templates. One 
group of international research leaders is currently advocating that the G7 biggest 
economies draft such templates together for precompetitive technology.

 >  Develop effective new instruments to get technology innovators in the developed 
world working more effectively with one another, while at the same time assisting 
the developing world in building up its capacity to make and distribute key 
technologies locally.  While there are already some mechanisms to get important 
medicines to the world’s poor, such as AIDS medicine to southern Africa, they 
are slow and ultimately dependent on the pharma industry’s cooperation. In 2021 
Biden proposed an international mandate to pre-empt COVID-19 vaccine patent 
rights, with some compensation. It was shot down by the EU. Others advocate 
new financing or licensing regimes to build up advanced manufacturing capacity 
in the global South. As we have seen with COVID vaccines, it does not work to 
force poorer countries to wait in line behind wealthier countries for life-saving 
technologies: whatever the origin of critical innovations, the developing world 
must be able to react swiftly in absorbing, producing and distributing them locally. 

 >  Find a way to simplify R&D funding rules for vital global needs. At present, we have 
a patchwork of conflicting government research programmes around the world, 
with contradictory rules and incompatible procedures. There must be a simpler 
way. One suggestion is to create a global, UN-style funding council for multi-
country R&D. This is, in essence, what the EU started within its own territory in 
1984 with its successive Framework Programmes supporting cross-border R&D. 
A less radical possibility: get each nation to create special carve-outs from its 
normal R&D funding rules for urgent global projects, so researchers can easily 
pool their various national funding sources.

 >  Drop xenophobic immigration laws to make it easier and cheaper for science and 
technical talent, young or old, to travel and work abroad. The success of the US 
Manhattan Project rested heavily on the hundreds of brilliant German, Austrian, 
Hungarian, Danish and other European physicists who fled the Third Reich to work 
in America. Today, according to the Washington-based Center for Strategic and 
International Studies, an Indian scientist can expect to wait 84 years for a US green 
card. Further, a Justice Department witch-hunt of Chinese-American researchers 
is chilling science. The simplest way to get ideas moving around the world is to get 
the people who invent them to move, as well. 

 >  For the biggest economies – from the US to China – restrain the current trend 
to “strategic autonomy” policies that, in the end, could discourage rather than 
encourage technological cooperation. The bulk of greenhouse gases come from 
the biggest econonmies; they are the culprits of climate change. So they have a 
special responsibility to hasten the development and diffusion of solutions, without 
sinking into trade wars and exclusionary policies.  

https://sciencebusiness.net/news/new-years-resolution-research-group-aims-fix-way-world-collaborates-technology
https://sciencebusiness.net/news/eu-leaders-blindsided-biden-proposal-suspend-patents-covid-19-vaccines-industry-reacts-anger
https://www.csis.org/analysis/winning-tech-talent-competition
https://www.csis.org/analysis/winning-tech-talent-competition
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Endnotes

1  To quote Sachs: “I was recently on a panel with three economists and a senior business-sector engineer. After 
the economists spoke about carbon prices, internalizing externalities, feed-in tariffs, carbon offsets, and the like, 
the engineer spoke succinctly and wisely. “I don’t really understand what you economists were just speaking 
about, but I do have a suggestion,” he said. “Tell us engineers the desired ‘specs’ and the timeline, and we’ll get 
the job done.” https://www.project-syndicate.org/commentary/cop24-rulebook-time-for-engineers-by-jeffrey-d-
sachs-2018-12

2  See also Soete (2020) for a more detailed discussion on the alternative hammer versus nudge set of policies 
implemented.  

3 https://www.un.org/en/un75/climate-crisis-race-we-can-win 
4  For a good overview see https://ig.ft.com/coronavirus-vaccine-tracker/?areas=gbr&areas=isr&areas=usa&areas=

eue&cumulative=1&doses=full&populationAdjusted=1
5 https://policylabs.frontiersin.org/content/evidence-snapshot-vaccination/#commentary 
6  Xiaolan Fu, Diego Sanchez-Ancochea, Ines Hassan, Peter Buckley (2021), The world has a unique opportunity: 

Accelerating technology transfer and vaccine production through partnerships, mimeo.
7   https://www.pbl.nl/sites/default/files/downloads/pbl-2020-accounting_for_environmental_damage_by_

materials_3512.pdf 
8  At the same time, such transition will be crucially dependent on how CO2 and other emissions will be priced 

providing room to new green technologies to become profitable. Interesting from this perspective, is the current 
trend in the EU’s Emissions Trading System (ETS) carbon price which recently (8-12-2021) hit a record of €88.88 
per tonne. One may expect that this price is triggering further investments in innovative clean technologies.

9  Krugman, P. (1979), A Model of Innovation, Technology Transfer, and the World Distribution of Income, Journal of 
Political Economy, Vol. 87, No. 2, pp. 253-266.

10  Soete, L. (2019), From “destructive creation” to “creative destruction”: Rethinking Science, Technology and 
innovation in a global context, UNU-MERIT Working papers, #2019-001. 

11  McCann, P. and Soete, L., 2020, Place-based innovation for sustainability, Publications Office of the European 
Union, Luxembourg, 2020, ISBN 978-92-76-20392-6, doi:10.2760/250023, JRC121271.

 >   Strengthen the capacity of the global South to train and retain STEM talent, and to 
absorb critical climate climate technologies. That means strengthening education 
systems, eliminating barriers to technology take-up, boosting public and private  
interaction, and reinforcing technical, business, marketing, organisational and 
regulatory know-how. At the same time, new programmes and policies are 
needed to strengthen South-South as well as North-South cooperation. A model 
for this, already underway, is the EU-funded European and Developing Countries 
Clinical Trials Partnership, which since 2014 has brought together the European 
Commission, 19 EU member states and 41 African countries – as well as some 
of the world’s biggest pharmaceutical companies – to test out new typhoid 
vaccines, tuberculosis diagnostics and other needed innovations. At the same 
time, it has used part of its €800 million budget to help train local researchers and 
healthcare workers, and strengthen health facilities, so these innovations can be 
taken up more quickly. One can imagine this kind of initiative working in climate 
technologies, for the defence of eroding coastlines, flood or drought mitigation, 
biodiversity and agricultural loss or other, anticipated effects of climate change.

There are many other options for action, of course. This is a responsibility of the entire world. 
As with COVID-19, so with climate change: No country or region can work alone, or be left 
behind. 

https://www.project-syndicate.org/commentary/cop24-rulebook-time-for-engineers-by-jeffrey-d-sachs-2018-12
https://www.project-syndicate.org/commentary/cop24-rulebook-time-for-engineers-by-jeffrey-d-sachs-2018-12
https://www.un.org/en/un75/climate-crisis-race-we-can-win
https://ig.ft.com/coronavirus-vaccine-tracker/?areas=gbr&areas=isr&areas=usa&areas=eue&cumulative=1&doses=full&populationAdjusted=1
https://ig.ft.com/coronavirus-vaccine-tracker/?areas=gbr&areas=isr&areas=usa&areas=eue&cumulative=1&doses=full&populationAdjusted=1
https://www.pbl.nl/sites/default/files/downloads/pbl-2020-accounting_for_environmental_damage_by_materials_3512.pdf
https://www.pbl.nl/sites/default/files/downloads/pbl-2020-accounting_for_environmental_damage_by_materials_3512.pdf
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