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Executive summary 

The executive summary presented herein summarizes data presented by Elsevier on October 12, 2021 

at the UIDP's NSF-supported workshop, Mitigating Climate Change. 

This work was commissioned to provide insight into biotechnology research that can and has been 

harnessed to mitigate climate change (Biotechnology for CC). The analyses will endeavor to provide 

insight into how much research has been done, who the global leaders in the research areas are, what 

sectors are leading the research, and how the research is being used to support other research and 

innovations. 
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Approach and Key Results 
 

Scope 

Bibliometric analyses were based on peer-reviewed publications (articles, reviews, and conference 

papers) and focused on the period 2001 – 2020. The source for all bibliometric data was the Scopus 

database. Scopus includes data and linkages across 83 million items from 80 thousand affiliations and 

17 million authors. It is the largest curated abstract and citation database of peer-reviewed literature 

and provides a comprehensive view on the research landscape. 

 

Defining the research area 

The query for defining this research was developed in collaboration with subject matter experts 

coordinating the workshop. The terms used to search publication title, abstract, and keyword text 

were extensive and account for a large spectrum of biotechnology research approaches that play a role 

in climate change mitigation by mechanisms including but not limited to:  

• Strengthening resilience and adaptive capacity to climate-related hazards 

• Increasing the share of renewable energy in the global energy mix. 

• Improving energy efficiency. 

• Expanding infrastructure and upgrading technology to supply modern and sustainable energy 

services. 

• Ensuring the conservation, restoration and sustainable use of terrestrial and inland 

freshwater ecosystems. 

• Sustainable management of all types of forests, halting deforestation, restoring degraded 

forests and substantially increasing afforestation and reforestation. 

• Combatting desertification, restoring degraded land and soil, and achieving a land 

degradation-neutral world. 

• Conserving mountain ecosystems, including their biodiversity. 

• Reducing the degradation of natural habitats, halting the loss of biodiversity and, protecting 

and preventing the extinction of threatened species. 

• Reducing the impact of invasive alien species on land and water ecosystems. 
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• Managing and protecting marine and coastal ecosystems to avoid significant adverse impacts, 

including by strengthening their resilience and restoration. 

• Minimizing and addressing the impacts of ocean acidification. 

• Restoration of fish to levels that can produce maximum sustainable yield as determined by 

their biological characteristics. 

• Utilization of genetic resources to maintain the genetic diversity of seeds, cultivated plants 

and farmed and domesticated animals and their related wild species. 

• Sustainable food production and development of resilient agricultural practices to maintain 

ecosystems that strengthen capacity for adaptation to climate change, extreme weather, 

drought, flooding and other disasters and that progressively improve land and soil quality. 

• Achieving the environmentally sound management of chemicals and all wastes throughout 

their life cycle and significantly reducing their release to air, water and soil. 

• Substantially reduce waste generation and facilitate more sustainable patterns of 

consumption and production. 

• Facilitate sustainable patterns of consumption and production. 

It should be noted that the description of the Biotechnology for CC research landscape is one that is 

provisional and not definitive. The definition of Biotechnology for CC research, and thus the papers 

included in the analyses, were determined by the creation and application of multi-factor, multi-term 

queries created in collaboration with subject matter experts in the relevant research area. Research 

areas—particularly multidisciplinary ones such as circular bioeconomy—have fuzzy edges and may be 

defined more narrowly or more broadly by individual scholars or groups of experts. This is an 

inherent structural factor in the model itself. Nonetheless, we believe that the set of papers gathered 

by the query are a good representation of the research area overall, and capture both fine-grained 

details of very specific research questions and paradigms, and a broader overview of the research area 

as a whole.  
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Results 

Research Landscape in Biotechnology for Climate Change  

Over the past 20 years, global research to fight against climate change through biotechnology 

(Biotechnology for CC) has been growing at a rapid pace (Figure 1). The compound annual growth rate 

of Biotechnology for CC publications was 11.9% over the years 2001–2020, which is nearly double the 

compound annual growth rate of 5.6% observed for all publications. Over the past two decades, 

Biotechnology for CC publications have grown to represent 0.71 % of all research in 2020, up from 

0.24 % of all research in 2001. Growth has been particularly high over the last 3 years: nearly a 

quarter of the 233,089 Biotechnology for CC publications since 2001 were published during the years 

2018, 2019 and–2020.  

 

Figure 1 Number of Biotechnology for CC publications, 2001–2020.  

Source: Scopus 

 

This growth in Biotechnology for CC publication output has been driven by continued focus on the 

research area from many European countries, as well as a rapid increase in publications from China, 

India, and to a lesser extent, Brazil (Figure 2, upper panel). The EU region displayed the largest output 

volume between 2001 and 2020 (~64,000 from EU-27; Figure 2, lower panel), with the EU-27 

publishing over 5,500 publications in 2020. China is currently closing the gap with EU’s research 

output in Biotechnology for CC, with 5,200 publications in 2020. It is notable that the United States 

publications in this research area have plateaued since 2011, while those of other countries have 

continued to increase. This has resulted in India having published as many papers as the United States 

in 2020 (approximately 2,800).  If such trends remain in the coming years, it is expected that India’s 

output in Biotechnology for CC will surpass that of the United States. 
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In terms of research priorities and efforts over the past two decades, the EU-27, the United States and 

China, have each dedicated a similar proportion of their research portfolio to Biotechnology for CC 

research with research in this area accounting for 0.5–0.6% of each country’s total output (Figure 2, 

lower panel, orange data points). Of interest, among the top regions publishing Biotechnology for CC 

research over the past two decades, emerging research nations such as India, Brazil, and Malaysia 

stand apart as they dedicate 1.2–1.6 % of their research portfolio to Biotechnology in CC, highlighting 

the importance of climate change issues in influencing the research portfolio in these countries.  

 

 

Figure 2 Top: Trends in the number of Biotechnology for CC research publications by region/country, 2001–2020. 
Bottom: Overall number of Biotechnology for CC research publications (blue bars) and percent of the regional/country 
research portfolio represented by Biotechnology for CC research (orange dots), 2001–2020. 

Source: Scopus 
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Overall, research in Biotechnology for CC covers the entire spectrum of R&D, spanning from basic 

science to applied technology (FIGURE 3). In the United States, over the last two decades, the majority of 

publications (32%) fall within the category of Basic Science, while Engineering-Technological Mix 

represented the largest category at the world level, the EU and China.   

 

FIGURE 3 Biotechnology for CC research categorized across the Basic to Applied spectrum of research. 2001–2020 

Source: Scopus 

 

One way of looking into the type of scientific research underlying the field of Biotechnology for CC in 

the United States and globally is by topic modelling of global research using citation pattern-based 

clustering methods. The resulting Topics provides a more granular perspective of research 

communities represented in the field. In addition, prominence score, which is calculated based on 

recent trends in citations to the papers in the Topic, the relative frequency with which the publications 

were viewed in Scopus, and the CiteScore of the journals that the research is being published in. The 

prominence score can be broadly described as an analogue for the current momentum of the Topic, 

including the level of funding and underlying publication trends over time.1,2 

  

 
1 Klavans, R. and Boyack, K. W. (2017). Which Type of Citation Analysis Generates the Most Accurate Taxonomy of Scientific and 

Technical Knowledge?. Journal of the Association for Information Science and Technology, 68: 984–998. 

https://doi.org/10.1002/asi.23734  
2 Klavans, R., and Boyack, K. W. (2017). Research Portfolio Analysis and Topics of Prominence. Journal of Informetrics, 11(4): 

1158-1174, 2017 https://doi.org/10.1016/j.joi.2017.10.002 

 

https://doi.org/10.1002/asi.23734
https://doi.org/10.1016/j.joi.2017.10.002
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TABLE 1 shows the Topics that are most highly represented in the field of Biotechnology for CC 

worldwide. Among those, the United States contributed the most to four Topics: Trichloroethylene; 

Bioremediation; Groundwater Contamination (US contribution represents 61.5% of global publication 

output), Genetically Modified Plant; Cellulase; Acidothermi Cellulolyticu (US contribution represents 

58.0% of global publication output), Techno-Economic Analyse; Jet Engine Fuel; Hydrothermal 

Liquefaction (US contribution represents 47.8% of global publication output), and Renewable Energy 

Directive; Agricultural Price; Biodiesel (US contribution represents 41.7% of global publication output). 

However, looking at the prominence score trends between 2015 and 2020, and the percent change in 

prominence percentile, it appears that these research topics are largely losing momentum (see Topics 

highlighted in red, TABLE 1). 

Most of the topics covering the bulk of Biotechnology for CC literature have maintained a stable 

momentum since 2015 (highlighted in yellow). Of interest, two topics have experienced positive 

trends (shown in green), indicating that they represent growing areas of interest. These Topics are Gas 

Turbine; Laminar Flame; Fuel Spray and Digester; Anerobic Digestion; Biodiesel. The United States has 

contributed to 30.5% and 12.2% of publications in these Topics, respectively.  

 

 

TABLE 1 Topics of Prominence represented in Biotechnology for CC literature, 2016–2020.  

Source: Scopus 

 

Topic
World 

Pubs

US 

Pubs

US Pub 

Share

Prominence 

 Trend

% change in 

prominence 

percentile

Gas Turbine | Laminar Flame | Fuel Spray 210    64     30.5% 23.5%

Digester | Anerobic Digestion | Biodiesel 1,097 134   12.2% 6.0%

Ethyl Laurate | Lauric Acid Methyl Ester | Antiknock Rating 550    64     11.6% 2.1%

Nutrient Removal | Activated Sludge | Dechloromonas 2,221 293   13.2% 0.9%

Contaminated Soil | Polycyclic Aromatic Hydrocarbon | Phenanthrene 3,011 411   13.6% 0.4%

Contaminated Soil | Bioaugmentation | Petroleum Derivative 2,790 252   9.0% 0.3%

Fuel Test | Exhaust Emission | Diesel Engine 7,766 473   6.1% 0.0%

Rubber Seed Oil | Cooking Fat And Oil | Transesterification 8,133 527   6.5% -0.1%

Nannochloropsi | Chlorellum Sorokiniana | Photobioreactor 7,051 986   14.0% -0.1%

Scenedesmi | Photobioreactor | Nutrient Removal 3,728 657   17.6% -0.2%

Life Cycle Assessment | Anerobic Digestion | Biodiesel 1,339 172   12.8% -0.2%

Biohydrogen | Photofermentation | Hydrogen Production 4,799 310   6.5% -0.2%

Bioanode | Enzymatic Fuel Cell | Bilirubin Oxidase 2,232 602   27.0% -0.9%

Gallic Acid Propyl Ester | Oxidative Stability | Biodiesel 1,671 228   13.6% -0.9%

Renewable Energy Directive | Agricultural Price | Biodiesel 2,251 939   41.7% -1.7%

Triacylglycerol Lipase | Transesterification | Pseudozymum Antarctica 1,253 63     5.0% -2.4%

Municipal Solid Waste | Leachate | Waste Disposal Facility 934    119   12.7% -4.8%

Social Inclusion | Castor Bean | Biodiesel 192    20     10.4% -12.8%

Euphorbiacea | Female Flower | Jatropha 1,244 67     5.4% -17.8%

Bacteria Contamination | Distillery | Ethanol Fermentation 257    58     22.6% -22.8%

Trichloroethylene | Bioremediation | Groundwater Contamination 270    166   61.5% -23.1%

Growth Hormone | Oryzia Dancena | Oncorhynchus Kisutch 432    86     19.9% -26.8%

Techno-Economic Analyse | Jet Engine Fuel | Hydrothermal Liquefaction 113    54     47.8% -27.4%

Biodiesel | Transesterification | Sewage Sludge 118    20     16.9% -39.6%

Genetically Modified Plant | Cellulase | Acidothermi Cellulolyticu 119    69     58.0% -53.5%
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Cross-sectoral collaboration in biotechnology for climate change  

FIGURE 4 illustrates trends in cross-sector collaboration in Biotechnology for CC research in the United 

States and in the rest of the world (excluding the US) over the period 2016–2020. The data show that 

just over half of all publications in the field of Biotechnology for CC resulted from efforts of academic 

institutions alone, while approximately 37% of all publications resulted from cross-sectoral 

collaboration that included academic institutions with some combination of governmental institutions, 

NGOs or corporate entities. It is noteworthy that the level of Academic-Corporate collaboration is low, 

given the high percentage of applied research in the field of Biotechnology for CC (see FIGURE 3), 

although corporate entities are more highly represented in US research than research in the rest of the 

world. Moreover, the Academic-Government and Academic-NGO collaborations are quite high. Unlike 

in many fields, governments are not only major funders of research, they are major contributors and 

authors of publications in this area of research. 

In the United States, several institutions appear key among the community of Biotechnology for CC 

research. The network analysis shown in Figure 5 highlights the collaboration patterns in the United 

States between institutions contributing to Biotechnology for CC research that have been involved in 

at least two collaborations and published at least two publications during the period 2016–2020. The 

analysis shows that the top 2 governmental organizations in terms of output, the US Department of 

Agriculture and the US Department of Energy, are central to the network. These federal agencies have 

contributed to more publications in Biotechnology for CC than any single university. The US 

Department of Energy is strongly connected to several academic institutions and to many other 

governmental institutions. Its strongest academic links are with the University of Wisconsin-Madison 

and the University of California at Berkley, and its strongest governmental links are with the Lawrence 

Berkeley National Laboratory and the Argonne National Laboratory. The US Department of Agriculture 

is mainly connected to several academic institutions, and fewer governmental institutions compared 

to the US Department of Energy, with the strongest connections to the University of Illinois at Urbana-

Champaign and the University of Wisconsin-Madison. The latter University is thus strongly connected 

to both the US Department of Agriculture and the US Department of Energy. The University of Illinois 

at Urbana-Champaign, on the other hand, is connected to many more universities. Other highly 

connected institutions in the network include Cornell University and the University of California at 

Berkley. 
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FIGURE 4 Biotechnology for CC research publications from the US and the Rest of the World (excluding the US) published 

from 2016–2020 and categorized according to the sectors represented in the author byline. 

Source: Scopus 
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Figure 5 Network collaboration map based on the 20 US institutions in each of activity sector (academic, government and 
corporate), according to their output in Biotechnology for CC research from 2016–2020. The map is limited to institutions 
that have published at least 2 publications in collaboration with at least 2 other institutions. Academic institutions are 
shown in pink and governmental institutions are shown in green. Circle size represents publication output during the 
period 2016–2020 and the thickness of connecting lines represents the number of publications co-authored by the 
connected institutions.  

Source: Scopus 

 

Of note, although publications in Biotechnology for CC research involving the private sector accounted 

for 8.0% of all US research in this field, no corporate institutions were tied to the network map (Figure 

5), indicating that corporate entities were not connected to two or more institutions in the network by 

at least two collaborative publications. The top ten corporate institutions in the US based on the 

number of Biotechnology for CC publications from 2001–2020 are indicated in Table 2. 
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Dow Chemical is the leading corporation in terms of output in this research area, having contributed to 

80 publications between 2001–2020. SAIC and General Electric follow Dow Chemical with 56 and 53 

publications respectively. Except for Boeing and Schlumberger, all the corporations among the top ten 

have published Biotechnology for CC research that was cited in patents. Among them, IBM, Pfizer and 

Merck have, respectively, 57%, 40% and 33% of their Biotechnology for CC papers cited in patents, 

highlighting a high degree of their research uptake into innovation. In addition, these corporations as 

well as others, such as SAIC and Genentech incorporated, have published a high proportion of high 

quality and impactful research papers –each of these corporations has at least 30 % of their papers 

that are among the top 10% most highly cited worldwide.  

 

Table 2 Top 10 corporate institutions publishing Biotechnology for CC research in the United States, 2001–2020. 
Indicators show the number of publications cited in patents and among the top 10% most cited worldwide. 

Source: Scopus 

 

  

Institution 

Publications Field-
weighted 
citation 
impact All CB 

Cited in 
USPTO 
patents 

Cited in 
WTO 

patents 

Among top 
10% most 

cited 
Dow Chemical 80 9 5 16 2.2 

SAIC 56 1 0 17 1.4 

General Electric 53 1 1 9 1.5 

General Motors 41 1 1 8 1.7 

Schlumberger 32 0 0 1 1.5 

Merck 30 5 5 11 4.8 

IBM 21 7 5 11 3.1 

Pfizer 20 4 4 6 1.4 

Boeing 19 0 0 1 1.0 

Genentech Incorporated 18 2 1 9 1.6 
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When assessing all US Biotechnology for CC research, no specific sector stands apart with regards to 

the percentage of publications cited in USPTO patents: 7–8% of publications with at least one author 

from the academic, governmental or corporate sectors were cited in patents. However, when assessing 

the sectoral data according to the combination of collaborators, some combinations are revealed to be 

more likely to be cited in patents (FIGURE 6). These include publications consisting only of 

governmental institutions (11% of publications cited in patents) and publications resulting from 

either academic-corporate collaborations or academic-corporate-government collaborations (10% of 

publications cited in patents).  

 

FIGURE 6 Percent of US Biotechnology for CC research during the period 2001–2020, that has been cited in USPTO patents, 

categorized according to cross-sector collaboration. 

Source: Scopus 
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Categorization of global Biotechnology research for Climate Change  

Publications in Biotechnology for CC can be classified into 4 key categories that reflect different 

scientific approaches and innovations in biotechnology research: Systems Analysis, Managed Systems, 

Natural Systems, and Bioengineering/Synthetic Biology. Note that these categories are not mutually 

exclusive, and therefore publications may be classified to more than one category. The trends in output 

for each category show that the number of publications in the US have increased at different rates over 

the past two decades (FIGURE 7). These trends reveal a shift in Biotechnology for CC research in that 

Natural Systems and Bioengineering/Synthetic Biology research represented less than 25% of 

Biotechnology for CC research in 2001 and has grown to represent over 40% of research in 2020. 

Conversely, Managed Systems and Systems Analysis research declined in their representation in the 

Biotechnology for CC research by 27 and 13 percentage points respectively during the same period. 

Further differences between the categories of Biotechnology for CC research concentrations can also 

be seen across the spectrum of basic to applied research (FIGURE 8). Publications in Managed Systems 

and in Systems Analysis primarily focus on basic research, while Natural Systems and Bioengineering 

and Synthetic Biology primarily focus on applied research for technological innovation (Applied 

Technology).  Accordingly, publications in Natural Systems and Bioengineering and Synthetic Biology 

are more represented in USPTO patent applications, with about 10% of publications in each category 

being cited in patents (FIGURE 9). 

  

 

FIGURE 7 Trends in subcategories of US Biotechnology for CC research. Annual number of publications (blue bars) and 
percent of each subcategory’s output (orange line) among US Biotechnology for CC research, 2001–2020. 

Source: Scopus 
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FIGURE 8 Percent of US publications on Biotechnology for CC and subcategories during the period 2001–2020 classified 

across the basic to applied spectrum of research. 

Source: Scopus 
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FIGURE 9 Percent of US publications on Biotechnology for CC and subcategories during the period 2001–2020 

among the top 10 percent most cited and cited in USPTO.  

Source: Scopus 
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Conclusion 

 

Over the past two decades, global research focused on Biotechnology for CC has grown at a rapid pace, 

with 233,000 research publications produced globally over the period 2001–2020. Since 2001, global 

research output focused on Biotechnology for CC grew at a compound annual growth rate of 11.9%, 

outpacing the compound annual growth rate of overall global research output by over 6 percentage 

points. Between 2001 and 2011, the United States was the leading research country in this field, with a 

constant growth in output and a slightly lower output volume than the European Union as a whole. 

Since 2011, however, the publication output of the United States has remained stable, while that of 

other countries continued to increase. Currently, the European Union continues to publish the most in 

Biotechnology for CC, but China is poised to become the leading country in the field if recent trends 

continue. The United States’ output is now comparable to that of India, an emerging leader in this field 

that is likely to surpass the United States in the coming years. India, as well as other developing 

countries such Brazil and Malaysia, dedicate a greater percentage of their research portfolio to 

Biotechnology for CC than the United States, European countries or China, allocating more that 1.2% of 

their research portfolio to Biotechnology for CC. This highlights the high priority status of research as a 

means of mitigating climate change through biotechnology in those countries.  

Over the past few years since 2015, the United States largely contributed to several research topics 

within the corpus of research on Biotechnology for CC. These include: 

• Trichloroethylene; Bioremediation; Groundwater Contamination, Genetically Modified Plant; 

Cellulase;  

• Acidothermi Cellulolyticu, Techno-Economic Analyse; Jet Engine Fuel;  

• Hydrothermal Liquefaction, and Renewable Energy Directive; Agricultural Price; Biodiesel. 

However, these topics are not the most significant in terms of global output, and they have been 

research areas of declining interest over the past few years. Among the most represented topics in 

Biotechnology for CC research, only two have been areas of growing research interest worldwide –Gas 

Turbine; Laminar Flame; Fuel Spray, and Digester; Anerobic Digestion; Biodiesel. The United States' 

contribution to these growing topics accounted for 30.5% and 12.2% of publications, respectively.  

Research dedicated to Biotechnology for CC spans across all stages of R&D. Globally, but also at the 

level of the EU and China, more activity is concentrated at the later stages of research (Engineering-

Technological Mix and Applied Technology), while at the level of the United States, activity is more 

concentrated in Basic Science. In addition, Biotechnology for CC research spans across various sectors 

of activity, with academic institutions represented in approximately 90% of the United States’ 

publications. In the United States, two federal government institutions appear central among top 

publishing institutions. The Department of Agriculture has contributed the most to Biotechnology for 



Conclusion 
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CC publications, followed by the Department of Energy. These federal institutions are connected to 

many other top publishing governmental and academic institutions. Among academic institutions, the 

University of Illinois at Urbana-Champaign, the University of Wisconsin-Madison, Cornell University 

and the University of California at Berkley are important hubs within the network of top publishing 

American institutions in this field of research.  

In contrast to the large contribution of governmental and academic institutions in Biotechnology for 

CC research, corporate organizations have contributed less. However, publications involving corporate 

organizations were relatively highly represented in USPTO patent applications, to a similar degree as 

those involving governmental or academic institutions. This suggest that research in Biotechnology for 

CC involving corporations generally leads to innovation in the field, despite their limited output. 
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