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SUMMARY
Novel entities have been broadly defined as, “things created and introduced into the environment by 
human beings that could have positive or negative disruptive effects on the earth system and may include 
new substances or new forms of existing substances such as synthetic chemicals, radioactive materials, 
nanomaterials, microplastics, as well as modified life forms from technologies like synthetic biology and 
gene modification1.”

The Global Environment Facility (GEF) needs to be aware of the opportunities and potential benefits that new 
entities and technologies can offer in delivering global environmental benefits, but also needs to be mindful of 
the potential for novel entities to become major global environmental problems. The Scientific and Technical 
Advisory Panel (STAP) of the GEF, therefore, commissioned a study to identify novel entities relevant to GEF’s 
work. 

Six novel entities were identified based on three criteria: novelty – newness of the entity or new knowledge 
about the entity; impact – scale, timing, scope, and complexity of its impact; and relevance – how the entity 
might affect the GEF’s work, both positively and negatively. Of these, four are expected to be important to the 
GEF during the next five years, with the other two likely to be important after this time frame. 

The novel entities likely to be important to the GEF over the next five years are:

(i)	 Technology-critical elements (TCEs), including rare earth elements, the platinum group elements, and 
other scarce metals2, are used in emerging and green technologies, but can have potentially harmful 
effects on plants, ecosystems, and human health when released into the environment.

(ii)	 Blockchain technology3 is a decentralized, intermediary-free, digital log that promotes secure, transpar-
ent, and efficient transactions and has possible applications in monitoring chemicals and waste, imple-
menting energy microgrids, reducing illegal fishing, and tracking genetic resources. However, its recent 
application as an underlying technology for Bitcoin virtual currency has raised concern about its excessive 
energy consumption, which could adversely impact climate change mitigation. 

(iii)	 Next generation nanotechnology4 is more sophisticated than existing nanotechnology applications and 
could help increase agricultural productivity, reduce dependence on chemical pesticides, improve soil 
quality, enhance food preservation, improve freshwater supplies, improve the capture and conversion of 
solar and waste heat energy, and provide other environmental solutions. However, there could be poten-
tial adverse human health and environmental effects if nanomaterials leak into the environment. 

(iv)	 Gene editing5, especially Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR), offers 
the possibility of better control of vector-borne diseases, improved animal husbandry, and helping plants 
adapt to climate change, but could pose a threat to biodiversity if not well regulated.

The novel entities likely to be important to the GEF beyond the next five years are as follows:

(v)	 Cellular agriculture aims to use novel technologies requiring minimal or no involvement of animals to 
produce livestock products like meat, leather, and fur that are traditionally produced through livestock 
rearing. This could help reduce the environmental effects of the current food production system, but there 
are concerns regarding ethics, socio-economic impacts, governance, and consumer acceptance. 

(vi)	 New engineered bio-based materials, which use organic resources enhanced by synthetic biology to 
produce biofuel, chemicals, plastics, and construction and other materials, could help mitigate the unsus-
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tainable use of natural resources, environmental degradation, and global warming. Concerns have been 
raised, however, regarding the potential socioeconomic impacts of replacing natural indigenous commod-
ities and production processes with bio-based production.

STAP recommends that the GEF should adopt the following strategic posture on these novel entities:

•	 Technology-critical elements and blockchain technology: focus on managing the risks and harnessing the 
opportunities.

•	 Next-generation nanotechnology and gene editing/CRISPR: get a better understanding of these novel enti-
ties and consider how the GEF could exploit the opportunities and manage or prevent any negative effects. 

•	 Cellular agriculture and engineered bio-based materials: monitor the development of these entities to de-
termine what further action should be taken. 

STAP also recommends some specific actions that can be taken concerning each of these novel entities: for 
example, support policies towards sustainable extraction, utilization, and recycling of TCEs, including the 
adoption of circular economy principles in the sector; conduct an assessment of how current trends in nano-
technology may affect the goals of the GEF; explore blockchain technology in GEF strategy and programmatic 
areas (e.g. for knowledge management and monitoring of global environmental benefits); and support capacity 
building for regulating gene editing in developing countries. 

In addition, STAP offers the following advice on how the GEF might respond more generally to the challenges 
and opportunities posed by novel entities, innovation, and emerging technologies.

•	 In the short-term, the GEF should focus on removing bottlenecks to the adoption of environmentally safe 
and sound technologies, such as poor governance and institutional frameworks and the lack of awareness 
and capacity; finance demonstration or pilot projects to explore the opportunities offered by some of the 
novel entities; and leverage investment by others, for example, by providing early investments to help val-
idate new technologies, and motivating further funding by others. 

•	 Looking further ahead, the GEF should stay abreast of developments in novel entities and technologies to 
take advantage of opportunities and avoid negative consequences. This could include leveraging its con-
vening power to bring together thought leaders from the industry and academia.
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1. WHAT IS THE ISSUE? 
Human beings have introduced many new substances (novel entities) into the earth’s system as solutions to 
human needs, but some of these substances were later found to have unintended consequences. For example, 
chlorofluorocarbons (CFCs) were introduced in 1928 as a desirable replacement for toxic refrigerants, but later 
became a key driver of ozone depletion in the upper atmosphere6. Similarly, chemicals such as dichlorodiphen-
yltrichloroethane (DDT) and polychlorinated biphenyl (PCBs) were introduced for beneficial use in agriculture, 
disease control, and industrial manufacturing processes, but were later discovered to have harmful effects on 
ecosystems and human health and are now classified as persistent organic pollutants (POPs)7. 

Work on the planetary boundaries8 defined novel entities as, “new substances or new forms of existing sub-
stances as well as modified life-forms that have the potential for unwanted geophysical and/or biological 
effects9.…” 

The Global Environment Facility (GEF) needs to be aware of the opportunities and potential benefits that new 
entities and technologies can offer in delivering global environmental benefits, but also needs to be mindful 
of the potential for newly introduced substances or modified life forms to become major global environmental 
problems. The Scientific and Technical Advisory Panel (STAP) of the GEF therefore commissioned a study10 to 
identify novel entities relevant to GEF’s work. This study defines novel entities broadly as, “things created and 
introduced into the environment by human beings that could have positive or negative disruptive effects on 
the earth system and may include new substances or new forms of existing substances such as synthetic chem-
icals, radioactive materials, nanomaterials, microplastics, as well as modified life forms from technologies like 
synthetic biology and gene modification11.”

This definition includes the processes or applications that create the entities, as well as the entities themselves. 

A broad range of novel entities was identified. This long list was narrowed down to six entities of interest for 
this report, based on three criteria: novelty – newness of the entity or new knowledge about the entity; impact 
– scale, timing, scope, and complexity of its impact; and relevance to the GEF – how the entity might affect the 
GEF’s work12 and whether it could impede or accelerate the delivery of global environmental benefits, both in 
the near- and long-term. 

The novel entity identification process included the following steps (see Figure 1):

•	 Horizon scanning: a review of relevant literature; interviews with experts, within and outside the GEF, 
including scientists, social entrepreneurs, representatives from start-ups, and funders; and a two-round 
Delphi survey13 involving more than 70 global experts.

•	 Timing and impact analysis: initial prioritization and clustering of findings from the literature review, inter-
views, and Delphi survey, based on the timing of technological developments (0-5 years and 5-15 years) 
and their potential impacts. 

•	 Assessment of relevance to the GEF: a review of how the identified novel entities might affect GEF’s focal 
areas, and whether this would have a positive or negative effect on GEF’s objectives.

•	 Strategic posture: an assessment of what GEF’s strategic posture and possible action should be toward 
each of the novel entities; these were informed by a workshop that brought together experts from several 
disciplines and sectors and included the GEF Secretariat and the GEF’s Independent Evaluation Office.

The six entities are as follows: technology-critical elements (TCEs), next-generation nanotechnology, blockchain 
technology, gene editing/CRISPR, cellular agriculture, and engineered bio-based materials. This is not a com-
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2. WHAT DOES THE SCIENCE SAY? 
2.1 Novel entities likely to be important to the GEF over the next five years

(i) Technology-critical elements 

Technology-critical elements (TCEs) include most rare-earth elements (a group of 17 elements including the 15 
lanthanides and scandium and yttrium); the platinum group elements (platinum, palladium, rhodium, rutheni-
um, iridium, and osmium); and the elements gallium, germanium, indium, tellurium, niobium, tantalum, and 
thallium. TCEs are critical to a renewable energy future and for other green and emerging technologies; hence, 
global demand, especially for rare earth elements, is increasing and has been projected to grow at a rate of 5% 
annually by 202015. As a result of their increased use, however, TCEs are being released into the environment16 
including during extraction and processing, during production, and through the disposal of products contain-
ing them. The impacts of releasing TCEs are not yet well understood, but research suggests that there may be 
adverse effects on human beings, plants, and the environment17.

Products containing TCEs, such as electric cars, wind turbines, and solar cells, help to mitigate climate change, 
but the mining and processing of TCEs are a source of greenhouse gas emissions. Extraction and refining of 
TCEs may cause land degradation, water contamination, waste pollution, and the release of radioactive materi-
als, and could also lead to deforestation and biodiversity loss. One study found that up to 300 square meters of 
vegetation and topsoil were removed for every tonne of rare earth oxide extracted, generating 1000 tonnes of 
contaminated wastewater, and discarding 2000 tonnes of tailings into adjacent valleys and streams18. Another 
study reported that a planned rare-earth mine in Madagascar may result in the loss of surrounding rainforest, 
including a protected area that is home to endangered lemurs and other unique wildlife19. Currently, less than 
1% of rare earth elements (REEs) are recycled20 – an inefficient use of valuable natural resources. The few cases 
where REEs have been recycled have been linked to the emission of harmful pollutants, including dioxins (clas-
sified as persistent organic pollutants21 under the Stockholm Convention) due to poor recycling technology. 

Figure 1. Identification process for novel entities

TIMING/IMPACT ASSSESSMENT
Sorting technologies in terms of 
timing (< 5 years and 5-15 years) 
and potiential impact

RELEVANCY ASSESSMENT
Determining relevancy 
to GEF programming

HORIZON SCANNING
Search for novel entities using 
literature scans, interviews, 
and a 2-round global Delphi survey

STRATEGY/ACTION ANALYSES
Analysis of GEF strategic posture 
and possible actions related to 
identified novel entities

plete list. Other novel entities were identified but did not meet the selection criteria, and there may be others 
which could be of interest to the GEF. The background report of the study, which provides more detailed infor-
mation about the process and the long list of novel entities, is available on STAP’s website14.
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(ii) Blockchain technologies

A blockchain is a digital ledger that decentralizes data and eliminates intermediaries typically required to 
validate transactions. It uses a distributed database to store information securely, transparently, and efficiently, 
thereby improving processes that require secure sending, storing, accessing, or verification of information22. 

Blockchain offers a wide array of potential applications. It has been applied in digital contracting, manage-
ment of healthcare records and personal identification information, supply chain management, emissions 
trading, and banking. Applications are also being explored in microfinance, tracing resources through supply 
chains, and securing land tenure rights for people who lack adequate representation. Blockchain technology 
could also be used to track and improve environmental practices and policies23; to provide consumers with 
information on the source of materials and their environmental impacts, thereby improving monitoring and 
transparency24; and to track carbon emissions, for example, from power plants for regulatory and carbon 
accounting purposes25. 

Blockchain could also be used in microgrids in both rural and urban areas to create a local virtual marketplace 
for peer-to-peer buying and selling of electricity, for example, from solar home systems and other local re-
newable energy sources26. This has already been applied in the USA (in Brooklyn, New York, and in Texas) and 
in Australia27 and could contribute to GEF’s objective of “promoting innovation and technology transfer for 
sustainable energy breakthroughs28.” It could also be used for tracking marine and other resources, and for 
reducing illegal exploitation, for example, the World Wildlife Fund has used blockchain to mitigate the illegal 
fishing of tuna29. Blockchain could improve urban planning, transportation, smart buildings, and energy use and 
distribution by providing a cross-cutting platform connecting different city services and enhancing transparency 
and security for those processes30.

However, blockchain is the underlying technology for Bitcoin virtual currency31; this has raised concerns 
about its energy consumption, which is high because each transaction occurs over a network of users 
expending a large amount of computing power. Energy consumption by Bitcoin, as at August 2018, was 
estimated to be equivalent of the power required by more than 6.8 million U.S. households, with each trans-
action consuming an estimated 924 KWh of electricity – equivalent to a carbon footprint of 35,830 ktCO2 per 
transaction32. Another analysis indicated that Bitcoin used as much energy as that needed to provide power 
to 159 countries in 201733. The need to satisfy the energy demands of Bitcoin mining has been linked to the 
reopening of a coal-fired power plant in Australia34. A recent study indicates that if Bitcoin usage is adopted 
at the same rate as other technologies, its carbon emissions could push warming above 2 °C within less than 
three decades35.

(iii) Next-generation nanotechnology

Nanotechnology is the branch of technology that deals with very tiny dimensions and tolerances of less than 
100 nanometers. It often involves the manipulation of individual atoms and molecules and has been applied 
across diverse fields including chemistry, physics, material science, and engineering. It has a wide variety of ap-
plications, for example, in healthcare, electronics, agriculture, aerospace, energy production and storage, water 
treatment, food processing, and the production of electronics and consumer products. 

Recent advances are leading to the development of a new generation of nanotechnology that uses active, 
rather than passive, nanostructures, as well as molecular and integrated nanosystems36. Passive nanostructures 
have steady structures and behavior, which are used to improve the properties and function of existing materi-
als37, whereas active nanostructures can change their composition and behavior in order to deliver the desired 
function38. Integrated nanosystems bring together different nanoscale components to form complex and func-
tional products by using various syntheses and assembling techniques, such as bio-assembling and robotics, 
while molecular nanosystems behave like a biological system in which each molecule has a specific structure 

Figure 1. Identification process for novel entities



8	 Novel entities

that plays its role39. This next-generation of nanotechnology (active, integrated and molecular nanosystems) will 
allow innovative functions. For example, researchers recently created three-dimensional nanostructures with 
10,000 components that self-assemble, with potential application in structural biology, biophysics, synthetic 
biology, and photonics40.

Several nanotechnology products could potentially deliver environmental benefits. For example, nanocom-
posites and nanofluids can improve the electrical, thermal, and optical conductivity of solar energy systems41. 
Cells created from carbon nanotubes can also improve efficiency with much less weight than conventional 
copper wires42. Hybrid nanocrystals cells have been demonstrated to provide efficiencies that approach 
the theoretical maximum of close to 100%43. Energy utilization efficiency can be improved with nano-sized 
semiconductors that allow for increased use of the infrared spectrum, enabling the conversion of both visible 
and invisible lights to power, which is usually not possible with conventional systems44. Additionally, nan-
otechnology offers possibilities for harvesting energy from low-value heat sources, even body heat, which 
could be used to supply electricity to cell phones, sensors, or other smart devices through nano-enabled 
“wearable thermoelectric generators45.” Nano-based thermoelectric devices can also convert waste heat 
from heat-producing machines and devices, like cooking stoves, to electricity at increasing efficiencies and 
scales46. Future solar cells, based on nanoscale carbon (graphene) instead of silicon, promise to reduce costs, 
increase accessibility, and expand markets with the availability of flexible polymer substrates cells that can 
be integrated directly into building materials or even painted on surfaces47. Manufacturing photovoltaics by 
using nano-engineered materials, such as colloidal quantum dots, and shifting from high-cost, energy-inten-
sive photolithography to high-yield printing for future nanoscale solar cell applications, will also save energy 
and reduce the environmental impacts associated with the current energy and material-intensive processing 
of silicon and other PV materials48. 

Biodegradable nanomaterial from wood, with enhanced insulating properties, could replace existing insu-
lators and provide energy-efficient buildings with climate benefits49. Nanoscale water treatment including 
desalination of saltwater using less energy compared to traditional methods could help to provide fresh-
water50. Nanomaterials can also be applied for the remediation of contaminated lands and mitigation of air 
pollution51.

In agriculture, biosensors can be built from nanomaterials for the detection and prevention of crop diseases 
and food contamination52. Smart delivery systems using nanoparticles can also be used for the controlled 
release of agrochemicals, genetic materials, and soil enhancers53. Other applications include nano-based 
fertilizers, pesticides, herbicides, and soil enhancers which offer alternatives to current agrochemicals54. These 
advances could increase agricultural productivity, reduce dependence on harmful chemicals (including pesti-
cides regulated by the chemicals conventions), and reduce the adverse effects of agricultural practices on the 
environment and human health, thus promoting sustainable intensification55. 

There are questions, however, about the potential environmental impacts that nanomaterials might have if they 
unintentionally leak into the environment. There is a dearth of knowledge on their fate, transport, and behavior 
in the environment. Studies suggest that while some nanomaterials are beneficial to plants, some (e.g. silver 
nanoparticles used extensively in antimicrobial agents, shampoo, soap, toothpaste, fabric, detergents, paints, 
etc) could adversely impact plant growth at high concentrations56. They could also be toxic to aquatic resourc-
es, ecosystems, and other sources of biodiversity57. Some studies suggest that nanoparticles are more toxic 
in human bodies than larger particles of the same material, and that their inhalation or transport through the 
bloodstream may lead to cardiovascular, respiratory tract, and other extrapulmonary effects58. Concerns have 
also been raised regarding the risk to human health from the interaction between active nanostructures or 
nanosystems and human tissues or the nervous system59.

There are also concerns that next-generation nanosystems could affect social lifestyle, human identity, and 
cultural values. For example, there are fears that integrated or molecular nanosystems could lead to self-repli-
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cating machines that may spread across the biosphere, thereby affecting human life60. There is also the po-
tential effect on human identity if nano-based devices were to influence human behavior when incorporated 
into the brain, as well as the intrusion of privacy by pervasive nano-based computing devices61. There is not an 
adequate governance structure for managing the passive nanoparticles already being used in commerce or the 
potential emerging risks from next-generation nanotechnology.

(iv) Gene editing/CRISPR

Gene editing involves the addition, removal, or alteration of the DNA nucleotides (the basic structural unit and 
building block of DNA) of a cell or an organism, resulting in a change in the characteristics of the cell or organ-
ism. Recently, a gene-editing technique, Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR), 
was demonstrated to be more precise, cost less, and relatively easier to learn than earlier methods. CRISPR 
promises to open new opportunities to solve problems, ranging from providing better control of vector-borne 
diseases to improving animal husbandry and helping plants defend themselves against infection, drought, and 
other climate change-related threats62.

CRISPR technology is being tested to improve the ability of cacao and maize plants to adapt to climate 
change63 and to allow plants to produce some of their nitrogen fertilizer64. This will reduce the need for fertil-
izers and the associated energy and environmental effects of synthetic fertilizer production and use. CRISPR 
was recently used to alter the gene of an algae strain, resulting in a significant increase in algae-based biofuel 
production65. Gene editing is also being applied in the reduction of enteric methane emissions from ruminants 
– produced through their digestive processes – which constitute the single most significant source of agricul-
tural methane emissions. CRISPR has also been proposed as a technique for saving endangered species and 
eradicating invasive or harmful species66. 

However, concerns have been raised that the widespread use of gene editing could become a major threat 
to biodiversity, as the technology can be used to eliminate plant and animal species, including undesirable 
insects. For example, CRISPR was recently used to eliminate malaria-carrying mosquito species in a labora-
tory experiment67. The Convention on Biological Diversity has called for a moratorium on the use of genetic 
technologies (gene drive) as a tool for eradicating undesirable species68. The emergence of CRISPR has raised 
ethical concerns about the possibility of market-based eugenics, the advent of novel bioweapons, and the 
danger of genetic alterations, given the inadequacy of current regulation and governance structures69. Concern 
has also been expressed that the approval of genetically-modified salmon could endanger wild salmon popula-
tions70 if captive fish escape into oceans and rivers. 

2.2 Novel entities likely to be important to the GEF beyond the next five years

(v) Cellular agriculture

Cellular agriculture is an emerging technology for producing livestock products from cell cultures without the 
animal itself71. Research is focusing on creating meat substitutes from plant-based protein; engineering mi-
crobes to produce dairy products like milk; and making other products, such as leather and fur72. 

Cellular agriculture could help to achieve a more sustainable food production system and significantly reduce 
the environmental impacts of the current system. This is particularly important, given the increasing global 
demand for animal protein. Analyses show that producing 1000 kg of cultured meat requires approximately 
99% less land and 82%–96% less water, compared with conventionally produced European livestock73. Cellular 
agriculture could also improve food safety and transparency, animal welfare, and the nutritional composition 
of food, and lead to increased product shelf life74. Moreover, if scaled-up and made widely accessible, cellular 
agriculture could help reduce the protein nutritional deficit in developing countries. 
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However, the energy and climate benefits from cellular agriculture are still debated. While one analysis indi-
cates that it requires less energy and emits less greenhouse gas compared to conventional livestock75, another 
indicates that it could increase greenhouse gas emissions because replacing biological functions with chemi-
cal and mechanical equivalents requires significant energy inputs76. The current understanding suggests that 
chicken and plant-based proteins have a lower energy impact than cultured meat, but cultured meat has a 
lesser impact compared to beef and possibly pork77. There are also issues about product regulation, intellectual 
property, ethical concerns, and public acceptance78. Questions have also been raised about the feasibility of 
scaling-up production and ensuring affordability and accessibility79, as well as about the socioeconomic effects 
on livestock and dairy farmers80. There are also concerns that cellular agriculture could encourage excessive 
meat consumption, which could be unhealthy81.

Subject to resolving these issues, cellular agriculture could yield benefits including: mitigating climate change; 
protecting biodiversity; reducing the degradation of land, forests, and international waters; and reducing chem-
icals and waste production by diverting livestock production from the current resource-intensive system. 

(vi) New engineered bio-based materials 

Recent advances in synthetic biology have expanded the range of products that can be engineered from or-
ganic materials through the programming of metabolic processes in biological systems82. This is paving the way 
for engineered microorganisms to complement or replace plant- or fossil-fuel-based technologies, for example, 
engineered yeast to produce biofuels, food additives, and drugs such as opioids83; engineered microbes to 
produce alternatives to biodegradable plastics84; and engineered bacterium to produce chemicals and fuels85. 
Work is underway to use biological approaches for on-site manufacturing of construction materials that could 
replace bricks and cement86, thereby reducing greenhouse gas emissions and other environmental impacts of 
cement production. 

However, some have raised concerns that the continuous introduction of new engineered bio-based materi-
als that are incompatible with existing industrial feedstocks could lead to the contamination of product waste 
streams, thereby making recycling more difficult and consequently constraining the current push towards a 
more circular economy87. The pace of the development of regulatory and governance frameworks for manag-
ing new bio-based materials is also believed to lag behind the rate at which these materials are being intro-
duced, especially chemicals88. This needs to be addressed in order to avert possible impacts on environmental 
or human health. Concerns have also been raised regarding the potential socioeconomic impacts of replacing 
natural indigenous commodities and production processes with synthesized bio-based production89.

3. WHY IS THIS IMPORTANT TO THE GEF?
Technology-critical elements: products containing TCEs, for example, electric cars, wind turbines, and solar 
cells, are important for climate change, but their unsustainable mining, processing, and disposal practices 
could adversely affect the GEF’s objectives in chemicals and waste, land degradation, forestry, and biodiver-
sity. The increasing demand for TCEs90 may lead to mining being shifted to African countries where the GEF 
implements projects, including in South Africa, Kenya, Tanzania, and Madagascar, all of which have deposits of 
TCEs91.

Blockchain technologies: blockchain technology offers opportunities to improve the GEF’s knowledge 
management and auditing of global environmental benefits from its investments. It could be deployed 
for tracking the movement of chemical products, their makeup, and waste management practices; re-
ducing illegal exploitation of marine resources; meeting energy needs; and tracking genetic resources. 
However, the energy consumption of blockchain technologies could impact the GEF climate change 
focal area. 
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Next-generation nanotechnology: there are many applications that can deliver global environmental benefits 
in areas related to chemicals, waste, and food security, for example in agriculture (e.g., pest control, precision 
agriculture, delivery of fertilizers, and detection of plant diseases), contaminated land management, and water 
treatment. Scaling-up nano-enabled energy technologies would help advance a low-carbon, user-centric, local 
energy future, which would obviate the need for constructing large centralized electricity networks, benefitting 
the GEF’s work on climate change and sustainable energy innovation and technology. However, the leakage 
of nanomaterials into the environment also has potential risks for terrestrial and aquatic ecosystems and for bio-
diversity, as well as for human health.

Gene editing/CRISPR: gene editing offers opportunities for improving the adaptation of crops to mitigate the 
adverse effects of climate change, to reduce greenhouse gas emissions from livestock, and to produce biofuel. 
However, gene-editing technologies could also pose threats to biodiversity and ecosystems if not adequately 
regulated.

Cellular agriculture: cellular agriculture could improve food and nutritional security, while significantly re-
ducing land, water, and energy use and greenhouse gas emissions from the current food production system, 
thereby contributing to the GEF’s objectives in climate change, land degradation, international waters, forests, 
biodiversity, and chemicals and waste.

New engineered bio-based materials: engineered bio-based materials could provide a more sustainable 
way of producing biofuels, alternatives to biodegradable plastics, and chemicals, and thereby reduce the 
negative effects associated with current plant- and fossil-fuel-based production systems. This would benefit 
the GEF’s work in climate change, land degradation, biodiversity, international waters, forestry, and chemi-
cals and waste.

4. HOW CAN THE GEF RESPOND?
STAP considered what the GEF’s strategic posture should be for each of these novel entities and recommends 
the following:

•	 Focus: the GEF should focus on managing the risks and harnessing the opportunities offered by these 
novel entities 
–– Technology-critical elements
–– Blockchain technology

•	 Ante up: the GEF should obtain a better understanding of these novel entities and consider how it could 
exploit the opportunities they present, while managing, or preventing any negative effects: 
–– Next-generation nanotechnology
–– Gene editing/CRISPR

•	 Track: the GEF should monitor the development of these entities to determine what further action it should 
take: 
–– Cellular agriculture
–– Engineered bio-based materials

STAP further recommends that the GEF should consider taking the suggested actions presented in Table 2 for 
each novel entity.
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STAP also has recommendations for the short- and long-term on how the GEF might respond to the challenges 
and opportunities posed by novel entities, innovation, and emerging technologies: 

In the short-term, the GEF should consider the following actions: 

(a)	 Focus on bottlenecks to the adoption of technology. These bottlenecks include inadequate capacity, 
poor governance and institutional frameworks, lack of awareness, and unfavorable public opinion. For ex-
ample, a recent workshop on supporting the bio-economy in Africa identified deficits in technical training, 
poor access to research materials, and lack of strategic national and international partnerships as some 
of the factors responsible for the slow adoption of new technologies in Africa92. In line with two of GEF’s 
influencing models highlighted in its 2020 Strategy93 – “transforming policy and regulatory environments” 
and “strengthening institutional capacity and decision-making processes” – the GEF should consider how 
it might help to alleviate these bottlenecks, for example, by addressing them in components of its funded 
projects.

(b)	 Finance pilot projects aimed at demonstrating new technologies. This should build on the GEF’s track 
record of fostering risk-taking opportunities94 and its commitment to supporting innovative and scalable 
activities95. The GEF could also explore options for stimulating innovation and scale-up of novel opportu-
nities using prizes, challenge awards, and other incentives. 

(c)	 Leverage investment by others. The GEF should explore areas where early investment could drive fol-
low-on or matching funding from philanthropies, foundations, and individuals. For example, some philan-
thropies are interested in how blockchain technologies could be applied to global development issues. 
Small, early investments by the GEF could help validate funding by others96. The GEF could also explore 
emerging financing mechanisms such as crowdfunding, which is now estimated to account for $34 billion 
in global investments, $25 billion of which is direct peer-to-peer97.

Looking further ahead, the GEF should consider how to stay abreast of novel developments, to take advantage 
of opportunities, and avoid negative consequences, through the following actions: 

(d)	 Scan, convene, and signal. The GEF should make use of other horizon scanning and innovation systems 
both inside and outside the UN system that can provide intelligence on emerging technology trends. Fur-
thermore, the GEF could leverage its convening power to bring together thought leaders from a variety 
of backgrounds. This could be used to signal the GEF’s priorities, update and expand on findings from 
foresight exercises, engage existing and potential new stakeholders in collective efforts to achieve goals, 
and design better public-private partnerships to leverage funds.

(e)	 Engage and support open-source technologies and systems. These technologies and systems can help 
provide broad access and knowledge-sharing in developing countries and between developed and devel-
oping countries. Engaging existing local, regional, and global networks can help develop or disseminate 
technological solutions, for example, the Do-It-Yourself biologist network98, the global Fab Lab Network99, 
and other citizen science movements. The GEF could also support the creation of knowledge platforms 
to aggregate ideas from within and outside the GEF as inputs into innovation processes for emerging 
technologies100.
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