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R
ecent advances in fusion energy research have renewed 
excitement around this potentially transformative way 
to produce electricity and replace fossil fuel energy 

sources. Although fusion appears to face barriers that are 
unique to this nuclear technology, we believe that its progress 
could be accelerated by examining the history of another 
world-altering technology from a very di�erent sector and 
time: biotechnology.  

Five decades ago, emerging insights in biology, 
particularly in genetics, suggested the possibility of new 
technology that could address diverse challenges in health 
care, agriculture, industry, and the environment. But, like 
fusion today, many obstacles had to be overcome before 
biotechnology could be applied in ways that were useful or 
pro�table. Unresolved scienti�c and technological questions 
would cost billions to answer, and pro�ts were still decades 
o�. Whole new regulatory and investment environments 
needed to evolve. And powerful cultural resistance to the 
very idea of genetic manipulation would have to be overcome.

Of course, there are many di�erences between biotech’s 
history and fusion’s present. But advocates for fusion can �nd 
several key lessons from the last half-century of biotech that 
could propel fusion forward and help it to navigate around 
hazards on its way to deployment. 

Fusion energy and biotech share the stark �nancial 
realities facing all “deep technologies”—that is, early-stage 
technologies with tough scienti�c challenges that will 
require signi�cant upfront capital, have low or unknown 
probabilities of success, and require long gestation 
periods before revenues start to �ow (if they ever do). 
Conventional wisdom is that traditional �nance methods 
such as venture capital and private equity are inadequate 
to sustain such long-shot investments. �ese methods are 
not equipped to carry long shots over �nancial “valleys of 
death,” for example, where projects can languish or perish 
due to lack of support.

At their earliest stages of development, when the need 
for funding is greatest, deep technologies have unattractive 
risk-reward ratios. Investors are naturally drawn to high-
yield, low-risk propositions, a relationship that �nancial 
economists have described mathematically as the Sharpe 
ratio: the excess expected investment return above the 
risk-free rate, divided by the risk. By their nature, deep-
tech investments tend to have very low Sharpe ratios at 
the outset, discouraging all but the most con�dent and 
risk-tolerant investors. �e situation is worse for the most 
speculative and transformative technologies, such as 
fusion energy, because their many “unknown unknowns” 
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put risk quanti�cation out of reach. Economists de�ne 
risk as randomness one can measure, and uncertainty as 
randomness one cannot. Investors dislike risk, but they 
loathe uncertainty.

High risk and uncertainty carve out deep tech’s 
valleys of death. Although they can’t be eliminated, 
these valleys can be made less deep and less lethal by 
increasing a technology’s potential pro�t, decreasing risk 
and uncertainty, or both. Successes in biotech can be 
attributed in part to the dynamic, constantly fermenting 
public-private funding ecosystem that has kept it moving 
over hills and dales and even across what could have been 
lethal valleys. Fusion energy’s challenge today is to create 
a similar ecosystem. 

With lessons from biotech in mind, we propose four 
initiatives that could accelerate fusion’s progress. Our 
proposal is ambitious, but we feel it is well justi�ed by the 
game-changing bene�ts a limitless source of carbon-free 
energy would bestow. 

Standardize milestones
In the United States, to determine a drug candidate’s 
safety and e�cacy in humans, researchers must conduct 
randomized controlled trials. �ese studies are divided 
into three distinct phases, each involving more human 
subjects than the previous one. �is staged approach was 
imposed because it minimized exposure to the health 
risks inherent in taking experimental drugs. But it had 
another, incidental advantage. It divided the prolonged 
investment timeline for drugs—o�en 10 or more years 
from the beginning of human trials to regulatory 
approval—into three shorter stages. As a drug candidate 
graduates from one phase to the next, its risk declines, 
and its market value grows. �ese milestones allow 
biotech companies to periodically demonstrate positive 
returns to their investors, which attracts additional 
capital to pay for each next phase of development. And 
the milestones lead to new �nancial markets—especially 
large public equity and debt markets—creating liquidity 
for company founders, capital funds, and investors 
and attracting even more money to the sector. From 
this staging, a fecund biotech ecosystem emerged and 
coevolved with �nancial markets, creating safer pathways 
through potential valleys of death.

Along the same lines, a set of milestones for achieving 
commercially relevant fusion energy should be identi�ed 
and published by a consortium of stakeholders. 
Milestones could include, for example, the sustained 
generation of high-temperature plasma producing more 
energy than it consumes, or identifying and developing 
materials that can withstand the extreme conditions 
inside a fusion reactor and form the “�rst wall” between 
the plasma and the rest of the reactor. 

For milestones to be e�ective in creating a market, 
all stakeholders—including regulators, researchers, and 
fusion companies—must agree that, taken together, the 
milestones are both necessary and su�cient to achieve 
commercially relevant fusion energy production. �ey 
must also be easy for nonexperts to grasp, and their 
achievement must be veri�able by an unbiased third party 
at reasonable cost. 

 

Get universities in on the action

Scienti�c and engineering expertise is as essential for 
fusion research and development as it was to biotech—and 
developing strong ties between industry and academic 
institutions is key to fusion’s progress. Since the Bayh-
Dole Act passed in 1980, universities receiving federal 
funding have had the right to pursue ownership of their 
researchers’ inventions, rather than giving their intellectual 
property (IP) to the federal government. �is has 
rewarded universities for investing in research to advance 
biotechnologies with commercial potential, creating 
a virtuous cycle of progress as the pro�ts universities 
received were plowed back into labs doing cutting-
edge research. Fusion R&D could also be accelerated if 
universities begin to attend to and streamline similar IP 
commercialization. Today such legal frameworks exist, 
but universities need to start taking advantage of the 
opportunities they present. 

�ree distinct steps could help. First, universities 
and national laboratories should standardize sponsored 
research agreements, term sheets, and technology licenses 
to expedite the process for spinning companies out of 
academia. Second, universities should mentor academics 
in fusion-related �elds who are unfamiliar with startups 
and the business world. And third, �nancial institutions 
should create investment funds focused on startups among 
a consortium of universities and research labs. �ese would 
appeal to a broad set of investors due to their diversi�ed 
“multiple-shots-on-goal” structure. 

Support a commercialization ecosystem
�ere is one salient di�erence between biotech and fusion 
that cannot be ignored. Unlike the diversity of diseases and 
other application targets that support various niches in the 
biotech industry, all fusion companies aim to do one thing: 
generate safe, clean power. 

Nevertheless, the parallels between biotech and fusion 
are still instructive: fusion energy startups are analogous 
to early biotech companies, engaging in breakthrough 
science and engineering programs that in many cases 
are selling proof of the viability of concepts rather 
than products themselves. In the fusion ecosystem, the 
equivalent of “Big Pharma” will be “Big Energy”—oil and 
gas companies with the �nancial resources to partner with 
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startups. �ey can pay to complete the testing of promising 
fusion technologies, then in-license those technologies 
or acquire the companies once they have been de-risked. 
With the emergence of small modular �ssion reactors and 
fusion microplants, an even more complex and diversi�ed 
dynamic between �rms is likely to develop. 

One key component will be US government-led 
programs positioned to �nance growth. �ese should 
provide more scienti�c support for fusion research as well 
as support for small businesses; for example, with new 
government subsidies, loan guarantees, and tax incentives 
for fusion-related investments. 

Parallel private-sector initiatives should include creating 
a robust ecosystem in which all fusion, fusion-supporting, 
and Big Energy companies can collaborate via in- and 
out-licensing, joint ventures, and mergers and acquisitions 
to diversify risk and increase the chance of achieving net 
energy production and �nancial gains. To further push this 
process forward, fusion impact funds—pools of investment 
capital with an explicit mandate from investors to reduce 
carbon emissions via fusion energy—could be created as 
part of a suite of climate-related “green” �nancial products, 
including fusion rating-agency metrics that could be used 
to construct such products. 

Finally, in much the same way that fossil-fuel companies 
created oil and gas futures contracts to manage risk and 
gather information about supply and demand, �nancial 
exchanges should be created for trading standardized 
�nancial contracts on key fusion-related inputs and 
outputs, such as future delivery of tritium, helium-3, and 
fusion-generated electricity.

 

Foster two-way engagement
Biotech learned early on that public opinion would 
in�uence its trajectory and that the industry had as much 
to learn from public discussion as it had to contribute to it. 
Indeed, ethical and safety concerns were raised by the very 
scientists who pioneered the �eld, and public discourse 
regarding these concerns led to a coherent regulatory 
framework that assists in safely guiding scienti�c 
hypotheses toward life-saving drugs and other biotech 
products. �is sensitivity to public interests—and the 
outreach from government agencies, university researchers, 
and biopharma designed to build trust as well as improve 
public appreciation of the technology’s potential bene�ts 
and explain and address its risks—have been key to 
biotech’s advancement. 

A similarly robust mixture of regulation, public 
engagement, and innovative energy companies is required 
for fusion. It is essential to address public perceptions, 
especially given the common misunderstandings of the 
state of progress in fusion research—captured in the 
quip, “Fusion is the energy of the future—and it always 

will be.” Fusion is not the �rst nuclear power that the public 
has encountered, and grappling seriously with public fears, 
conceptions, and expectations will be a necessary part of 
fusion’s path.  

Generating informed enthusiasm and dispelling 
misinformation will require a systemwide approach to 
outreach and education, where communication goes both 
ways. �e fusion community must listen as well as inform. 
As new fusion technologies emerge and as some of them 
�ounder, the industry must be open, direct, and transparent. 
Only by actively listening to community concerns, and 
addressing them systematically and comprehensively, can 
the industry earn the public’s con�dence. Public feelings of 
distrust or betrayal would pose major impediments to fusion 
energy’s timely progress. 

�e public at large also needs to understand how the 
technology is progressing, which should not be le� entirely to 
the promotional e�orts of startup companies. Instead, a trade 
organization like the Fusion Industry Association should 
actively coordinate communication with media outlets, 
government representatives, and �nancial analysts, as well as 
university and industry public information and news centers. 
When scienti�c and engineering milestones are met, they 
should get the public attention they deserve. 

Another crucial step is integrating fusion education into 
curricula for all levels of students. Middle schoolers should 
learn the basics, high schoolers should go more in-depth on 
the technology in physics and environmental science classes, 
and courses in fusion technology and governance should be 
accessible to all college and graduate students. 

Fusion energy stands today where biotech was several 
decades ago—on the cusp of revealing potentially 
transformative insights into one of the most fundamental 
properties of our world. For biotech, it was understanding the 
blueprint of life itself. In fusion’s case, it is commanding the 
power source of stars, the very force that makes life viable in 
the universe—which, if harnessed here on Earth, could help 
correct society’s carbon-emissions trajectory. By learning 
from biotech’s setbacks and triumphs, we believe fusion 
energy production can become a practical reality too, and 
that it need not take �ve decades to do so.  
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