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About International Research and Large-Scale Infrastructures

Discussion Questions
International Fusion Energy Cooperation:  
ITER as a Case Study in Science and Diplomacy
Todd K. Harding, Melanie J. Khanna, and Raymond L. Orbach

ITER provides lessons for negotiating large-scale, capital-intensive international 
projects. Success depends on political goodwill, compromise, and a common 
understanding of  project management.

The Importance of  International Research Institutions for  
Science Diplomacy
Fernando Quevedo

International research institutions like CERN and ICTP play a 
unique role in bringing scientists together at politically neutral sites 
to address the most ambitious scientific questions while bridging  
cultural, developmental, and political gaps.

Synchrotron Light and the Middle East:  
Bringing the Region’s Scientific Communities  
Together through SESAME 
Chris Llewellyn Smith

SESAME, the only synchrotron in the Middle East, seeks to achieve scientific 
excellence, attract and retain scientists, and foster regional cooperation, while 
overcoming sometimes tense political relationships.

Research and Diplomacy 350 Kilometers above the Earth: 
Lessons from the International Space Station
Julie Payette

The International Space Station, with partners that surmount their cultural, 
organizational, and political differences to pursue a collective vision, serves as a 
model of  science diplomacy. 
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About International Research and Large-Scale Infrastructures
Vaughan C. Turekian and Tom C. Wang

WITH the enormity of the challenges in addressing regional and global 
problems, both technically and financially, and the increasingly expansive 

web of scientific knowledge and expertise, countries often need to cooperate at 
a large scale to address the most complex and expensive scientific and shared 
challenges. These types of projects, particularly because of their expense and 
scope, require the successful interaction of a diverse group of stakeholders, 
including scientists and engineers, politicians and policy makers, and diplomats. 
As such, international research and large-scale infrastructures are often the most 
challenging but also most visible of a country’s science diplomacy.

The papers included in this reader, which have appeared in the American 
Association for the Advancement of Science’s policy journal Science & Diplomacy, 
feature some of these international infrastructures, their historical context, how 
they came to be, and lessons for future projects. Historically, many are physical 
facilities centered on the physical sciences. Some were created to bring together a 
community that has been torn apart by war or political disagreement by focusing 
on research. Many bring together partners to leverage financial resources or 
diverse expertise. At the heart of each project is the pursuit of knowledge through 
scientific excellence. 

This reader, which includes a series of discussion questions, seeks to be a useful 
resource for the teaching and understanding of different types of international 
research and large-scale infrastructures, especially their different motivations 
(scientific and diplomatic), goals, and execution. SD

Vaughan C. Turekian is the editor-in-chief of Science & Diplomacy.

Tom C. Wang is the executive editor of Science & Diplomacy.
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Discussion Questions
Harding et al. (ITER)

• Why was cooperation on a fusion nuclear reactor such an attractive Cold War project 
between adversaries?

• Discuss the challenges that project management presents in international large-scale projects 
like ITER.

Quevedo (CERN/ICTP)
• Compare and contrast how these institutions, established during the Cold War, are adapting 

to the post-Cold War world in their efforts to engage nonmembers and developing countries?

Smith (SESAME)
• Discuss the international cooperative activities already undertaken and their importance 

even before SESAME is operational for research activities.
• Reversing brain drain from the Middle East is an important goal for SESAME. What is the 

role of  nonmembers (i.e., the rest of  the international physics community) in supporting 
this mission?

Payette (ISS)
• Could such a large program start today, or did the development of  the space station benefit 

from the unique circumstances of  the Cold War?

Overall
• These examples of  international research institutions primarily sit in the field of  physics. 

Would institutions in other fields, such as in the biological sciences, face similar or different 
issues?

• These examples primarily address high capital costs and physical facilities. What about non-
physical infrastructures, such as networks? Discuss their strengths and weaknesses in terms 
of  building relationships between member countries.

• Besides financial arguments for these large international projects, what are other important 
considerations for a country to invest in these projects?

• What are a few fundamental lessons shared across these examples that allow international 
infrastructures to succeed?

• Describe the different approaches taken to the important issue of  facility siting and the 
benefits and challenges of  each.

• How do nonmembers of  projects benefit?
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All seven parties signed the final ITER Agreement in the Élysée Palace in Paris, France, on November 21, 2006. Credit: © ITER Organization

International Fusion Energy Cooperation:  
ITER as a Case Study in Science and Diplomacy  

Todd K. Harding, Melanie J. Khanna, and Raymond L. Orbach

THE goal of developing a clean, limitless source of energy has long been an 
elusive pursuit for energy scientists. Yet it did not become an object of potential 

diplomatic endeavor until the end of the Cold War, when the diffusion of conflict 
made scientific partnerships and joint projects between the United States and the 
former Soviet Union conceivable. President Ronald Reagan sent the following 
message to Congress on March 22, 1982: “[I]t is becoming increasingly important 
that we all reach beyond our borders to form partnerships in research enterprises. 
There are areas of science, such as high energy physics and fusion research, 
where the cost of the next generation of facilities will be so high that international 
collaboration among…nations may become a necessity. We welcome opportunities 
to explore with other nations the sharing of the high costs of modern scientific 
facilities.”

At the Geneva Superpower Summit in November 1985, following discussions 
with President François Mitterrand of France and Prime Minister Margaret Thatcher 
of the United Kingdom, General Secretary Mikhail Gorbachev of the former Soviet 
Union proposed to President Reagan an international project aimed at developing 

Todd K. Harding served as a Senior Advisor to the U.S. Under Secretary of Energy for Science from 2006-
2008.
  
Melanie J. Khanna served as the Legal Adviser to the U.S. Mission to the United Nations in Geneva from 
2008-2011 and as Attorney-Adviser at the U.S. Department of State from 1997-2007.

Raymond L. Orbach served as the Under Secretary for Science in the U.S. Department of Energy from 
2006-2009.
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fusion energy for peaceful purposes. Upon his return from Geneva, President Reagan 
told the American people: “[A]s a potential way of dealing with the energy needs of 
the world of the future, we have…advocated international cooperation to explore the 
feasibility of developing fusion energy.”

Immediately following the standoff over nuclear disarmament at the Reykjavik 
Summit in October 1986, a proposal to implement the concept of a fusion experimental 
research facility, to be known as ITER, was made.  (ITER was originally an acronym 
for International Thermonuclear Experimental Reactor.) This led to the 1988 start of 
collective design efforts known as the ITER Conceptual Design Activities. Almost two 
decades later, the ITER Organization was established, with construction beginning in 
Cadarache, France, supported by seven international partners: China, the European 
Union, India, Japan, the Russian Federation, South Korea, and the United States.

The road towards the construction of ITER, and the establishment of the 
ITER Organization, the international organization charged with its construction 
and operation, makes a fascinating case study in the intersection of science and 
diplomacy for large-scale, capital-intensive international projects. This article is about 
the negotiations that took place between the conclusion of the Conceptual Design 
Activities and the final signing of the ITER Agreement in November 2006. It traces 
the key legal and political challenges confronted by the United States during those 
negotiations. Precedents and lessons are drawn for future negotiations to establish 
other large-scale international joint projects, whether in science or other fields.

The Dream of Fusion

Fusion has long been an important dream. The concrete vision that led to the ITER 
negotiations was to construct a large-scale magnetic confinement fusion research 
device that would generate energy by fusing hydrogen isotopes — deuterium and 
tritium — into helium and an energetic neutron in a “burning plasma,” in much the 
same way that the sun generates its energy from fusing hydrogen into helium. The 
nominal success-criterion for ITER would be production of output fusion energy ten 
times the energy injected into the plasma. Successful operation of the test reactor 
could lead to larger ratios, perhaps as high as twenty, and a fusion power plant would 
have an operational ratio around thirty.

A practical fusion power plant would have inputs of the abundant elements 
deuterium (from water) and lithium. The process would start by fusion of deuterium 
and tritium hydrogen isotopes at very high temperatures, sufficient for overcoming 
the Coulomb barrier, to release helium and an energetic neutron. The latter would 
strike a “blanket,” providing heat and transmuting lithium into helium and tritium. 
Tritium would be cycled back into the plasma for further fusion reactions. The heat of 
the blanket would be used to generate steam for generation of electricity. The helium 
created in the various steps of the fusion process would be released and eventually 
escape the earth’s gravity.
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The Beginning of International Negotiations

While the vision was a powerfully unifying one, the road to an international 
agreement was relatively long and contentious, with difficult political moments 
in the relationship among the four founding parties, the former Soviet Union, 
the United States, the European Community (to become the European Union), 
and Japan. The first major obstacle came quickly: the initial ITER design (with a 
circular cross section for magnetic confinement as compared to the “D”-shaped 
cross section for ITER that leads to more stable operation) escalated significantly in 
cost to the point where the United States decided to discontinue involvement after 
six years, leaving during the Engineering Design Activity phase in July of 1998. 
(The United States would ultimately rejoin the effort in 2003.)

In addition to design and cost, there was no agreement on a legal and policy 
structure that would be appropriate for creating and sustaining an international 
facility and experiment. New approaches were needed for a form of agreement and 
organization that would allow partners with diverse political and legal systems to 
work together on a science experiment of this magnitude. 

In the meantime, the United States’ own scientific work on fusion continued 
through a legal mandate in 2001 to develop a burning plasma experiment. Domestic 
developments led the United States back in the direction of ITER. The House of 
Representatives passed the Securing America’s Future Energy Act of 2001 on 
August 1, 2001, requiring that the Office of Science within the U.S. Department of 
Energy (DOE) take a number of actions to explore a burning plasma experiment.

The Office of Science commissioned a study in the fall of 2001 and a workshop 
in Snowmass, Colorado in the summer of 2002  “…for the critical scientific and 
technological examination of the proposed burning plasma experimental designs 
and to provide crucial community input and endorsement to the planning activities 
undertaken by the Fusion Energy Sciences Advisory Committee (FESAC).”1 

The Snowmass workshop proved to be the turning point for the U.S. fusion 
program, ending with a near-unanimous endorsement for moving ahead with 
burning plasmas and providing technical assessments of a range of facility design 
approaches. Later, a sub-panel of FESAC supported this perspective, using the 
technical assessments from Snowmass to develop its prioritization of approaches 
to burning plasma studies. The full FESAC unanimously supported entry of the 
United States into the ITER negotiations in September 2002.

The National Research Council of the U.S. National Academies addressed 
questions about the importance of a burning plasma experiment for fusion energy 
and the scientific and technical readiness to undertake such an experiment. The 
National Research Council endorsed the ITER effort as a necessary next step in the 
U.S. fusion energy research program in a preliminary report issued in December 
2002.2
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These reviews informed President George W. Bush’s decision to re-engage the 
United States in ITER talks.  He announced on January 30, 2003:

“The results of ITER will advance the effort to produce clean, safe, renewable, and 
commercially available energy by the middle of this century. Commercialization 
of fusion has the potential to dramatically improve America’s energy security 
while significantly reducing air pollution and emissions of greenhouse gases…. 
We welcome the opportunity to work with our [ITER] partners to make fusion 
energy a reality. The importance of ITER has also been recognized by the U.S. 
House and Senate, which are considering the Energy Bill containing language 
authorizing U.S. participation in ITER.”

The three remaining ITER parties welcomed the renewed U.S. interest. By June 
10, 2003, the U.S. Department of State granted approval for the United States to 
negotiate an agreement for ITER, with DOE as the lead negotiator. On June 18, 
2003, the United States applied for admission to the ITER negotiations. That year, 
China and South Korea also expressed interest. (At the end of 2005, India joined, 
bringing the total number of ITER members to seven.)

Soon after the United States rejoined the international effort in 2003, another 
major obstacle appeared: a significant controversy emerged among the partners 
about where ITER would be built. In August and September, the United States 
conducted site visits to the three potential ITER sites proposed at the time: in 
France, Spain, and Japan. Soon thereafter the European Union chose the French 
site (Cadarache) over the Spanish site, reducing the choice to two possibilities. 
Through an extensive site review process, the United States chose the Japanese 
site of Rokkasho-mura for ITER as the one that best satisfied the needs of access, 
construction, and operation.

In December of that year, Energy Secretary Spencer Abraham hosted a 
Ministerial Meeting to take a collective decision on the ITER site. The meeting 
produced a deadlock with Russia, China, and the EU supporting the Cadarache, 
France site, while the United States, South Korea, and Japan supported the 
Rokkasho-mura, Japan site.

With the site issue unresolved, the parties nonetheless continued to negotiate 
the ITER Agreement. The United States hoped the EU and Japan could work out a 
solution to the site stalemate, with the commitment that the United States would 
support whichever site they agreed to. The key step forward was to change from 
an EU vs. Japan contest to a host vs. non-host competition, where concrete values 
could be placed on being either a host or a non-host. The discussions between the 
EU and Japan ultimately led to the so-called Broader Approach agreement. Under 
this agreement, Japan agreed to withdraw its bid to host ITER, and the EU agreed 
to procure a certain amount of ITER materials through Japan, support additional 
Japanese staff at ITER, and support the nomination of a qualified Japanese 
candidate to be the first ITER Director-General. In June 2005, with the Broader 
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Approach in place, the six parties agreed to the Japanese candidate for Director-
General and to build ITER in Cadarache, France.

Key Legal and Political Hurdles to an Agreement

Financial Obligations, Liability, Withdrawal, and Dispute Settlement
With the formal entry of the United States, China, and South Korea in 2003 and 

the resolution of the site issue in 2005, the stage was set for productive negotiations 
concerning the remaining arrangements. Some issues such as the preamble, the 
purposes of the organization, the final clauses on amendments, and accession, were 
addressed relatively easily. However, one of the key legal and political issues was 
what form the parties’ funding commitments would take. This was complicated 
by the significant uncertainty surrounding the total cost of ITER and the need to 
decide, as a political matter, how to apportion each party’s share, considering the 
impossibility of coming up with precise cost figures that could be accounted for 
in multiple currencies for a project that would take years to construct and would 
operate for decades.

Additionally, while it is very difficult for any government to make firm legal 
pledges to fund an uncertain amount of money over many decades, it was 
necessary that each party have a high level of confidence that each of the other 
parties would remain committed financially. Furthermore, given the magnitude 
and unprecedented nature of the project, liability was a significant concern. To 
address these issues, the parties had long and difficult discussions about the nature 
of the withdrawal provisions and dispute settlement provisions. Not surprisingly, 
the host party (the EU), which naturally ran the biggest risk if others defaulted 
or if liability arose, pushed for far-reaching, clear, legally binding funding 
commitments in all of the following areas: fixed contributions; individual member 
liability for any liability of the organization not covered by existing resources plus 
insurance; withdrawal provisions that would require parties to maintain their 
full financial contributions notwithstanding withdrawal; and mandatory, legally 
binding dispute settlement provisions. Other parties preferred more flexibility 
in these areas, although individual positions differed on almost all points, with 
each party interested in formulations that were most acceptable and familiar to its 
domestic system.

The United States grappled with what form (treaty or executive agreement) 
an agreement of this type should take. Normally, agreements with fixed funding 
commitments that legally bind the United States cannot be concluded as executive 
agreements, i.e., international agreements that the executive branch undertakes 
independently, without congressional involvement. But treaties require the advice 
and consent of two-thirds of the Senate and that has proven a fatal hurdle to dozens 
of agreements and indefinitely postponed the United States’ ability to join many 
more (e.g., the Vienna Convention on the Law of Treaties submitted to the Senate 
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in 1971, the Convention Against all Forms of Discrimination Against Women 
submitted in 1980, and the American Convention on Human Rights submitted 
in 1978). U.S. negotiators thus initially sought to negotiate funding commitments 
that would include the explicit caveat “subject to the availability of appropriated 
funds,” though they recognized that such a caveat posed a threat to the stability 
that all desired, including the United States itself.

As noted above, the EU called for very clear, legally binding funding 
commitments; they urged the United States to pursue a treaty if needed. 
However, the U.S. delegation remained concerned that a treaty could take years 
to get approved. The United States also considered the EU’s proposed liability, 
withdrawal, and dispute settlement provisions unacceptable. If the agreement 
contained the provisions on those topics proposed by the EU and needed to be 
submitted to the Senate for advice and consent, it would likely be rejected as 
entailing too much risk and too little ability to meaningfully withdraw.

A breakthrough came in 2005 when, as part of a broader package of energy 
legislation known as the Energy Policy Act, Congress explicitly authorized U.S. 
participation in ITER in accordance with certain requirements. Also, in this act’s 
Section 972, it specified that no federal funds could be expended on ITER until 
the final agreement was submitted to Congress and 120 days elapsed thereafter. 
This latter provision, coupled with the specific provisions authorizing U.S. 
participation in the agreement, meant that the agreement would now be concluded 
as a congressional-executive agreement. Congress would now review the 
agreement whether or not it was submitted to the Senate for advice and consent. 
If Congress did not object and instead funded participation, it would amount to 
an implicit congressional blessing. The congressional authorization provided the 
U.S. negotiators with additional flexibility. The United States was now willing and 
able to drop its insistence that the financial obligations portion of the agreement 
be explicitly made “subject to the availability of appropriated funds,” providing 
compromises could be worked out on other, related issues. The United States still, 
however, opposed the strong formulations the EU favored for withdrawal, liability, 
and dispute settlement and insisted that alternatives be negotiated. 

Ultimately, this entire set of issues was handled as a package, and a compromise 
was reached. The agreement would contain a formulation describing the 
commitments that would not have caveats based on the availability of funding. 
Rather than providing that the members “shall” make certain contributions, 
however, it provided that the resources of the organization “shall be” as referred to 
in separate documents laying out financial contributions and in-kind contributions. 
The document laying out financial contributions provided estimates for the costs 
associated with different phases and the assigned percentage shares of those 
estimates to each of the parties. The agreement further provided that these amounts 
(and in-kind contributions) could be updated in the future by unanimous consent 
of the ITER Council. Given this unusual formulation (commitments to separate 
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documents outside the agreement), the estimates contained in those documents, 
and the ability to change them over time, lawyers may debate whether or not the 
agreement contains firm, legally binding financial obligations. In any event, the 
parties all undertook the commitments in the separate documents in good faith, 
relying on others to abide by them.

The compromise for the withdrawal provision provided that parties other than 
the host party could withdraw after a period of ten years (i.e., the anticipated 
construction period) and that in any case withdrawal would not affect the 
withdrawing party’s agreed share of the construction costs. Furthermore, if 
withdrawal took place during the operational phase, a party would contribute its 
agreed share of the cost of decommissioning the ITER facilities. Thus, withdrawal 
would have zero impact on constructions contributions financially, but the party 
would not be responsible for its full financial contributions, as the EU originally 
wished.  

The liability article specified, as the United States wished, that “Membership in 
the ITER Organization shall not result in liability for Members for acts, omissions, or 
obligations of the ITER Organization.” As a compromise with the EU, however, all 
parties were ultimately able to agree that the article would also specify that should 
compensation costs for damages arising from non-contractual liability exceed the 
amounts available to the organization in the annual budget for operations and/
or insurance, the members “shall consult, through the Council, so that the ITER 
Organization can compensate…by seeking to increase the overall budget by 
unanimous decision of the Council in accordance with Article 6(8).” Thus there is 
an obligation to consult and to seek to reach agreement to raise additional funds, 
but not a commitment in advance to undefined liability amounts.

Finally, with respect to dispute settlement, the United States kept out legally 
binding dispute settlement (in part because it entailed uncertain legal results 
that Congress would likely find objectionable), but all agreed that any party 
could request mediation and that, in such a case, a mediation meeting would be 
convened within thirty days. Furthermore, the agreement specifies that the parties 
may of course submit the dispute to any other agreed form of dispute settlement, 
i.e., there can be legally binding dispute settlement to which both parties explicitly 
agree.

The Voting Structure
The ITER Agreement provides that the council will have a wide range of 

responsibilities, including final approval of the staff and any changes to the overall 
cost sharing. There were early debates about whether these matters all needed to 
be decided by consensus or could be voted and, if they could be voted, whether 
or not votes would be weighted by contribution. In December 2005, after many 
difficult negotiating sessions, the United States suggested that heads of delegations 
and a lawyer work out the voting issue. The resulting agreement was to weight the 
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votes by contribution and designate certain matters for decision by the council as 
ones that would require unanimity. In addition, the parties agreed that consensus 
would always be sought and, where there was a need to resort to voting, no decision 
could be taken if either the majority of members (four out of seven) or members 
providing over fifty percent of the contributions were against. These issues were 
finally agreed to at a “sidebar” meeting of heads of delegation in February 2006.

Privileges and Immunities
Another issue for the United States related to the provision of privileges and 

immunities for the organization and its staff. The basic dilemma that, while the 
parties were all ready to include fairly standard language in the agreement about 
the organization and its staff having privileges and immunities appropriate to their 
functions, some parties wanted to spell out, in a separate side agreement, specific 
privileges and immunities that were different from those that some other parties 
thought appropriate. Specifically, it quickly became clear for U.S. negotiators that 
most parties were prepared to convey privileges and immunities to the staff of the 
organization that went beyond what the United States would be able to provide by 
simple designation of the ITER Organization as an international organization for 
purposes of the U.S. International Organizations Immunities Act (IOIA).

Over many months, the United States attempted to negotiate provisions in a 
side agreement that were either consistent with the authorities in the IOIA or that 
provided for separate treatment for the United States. In the end it was impossible 
for the other parties to accept either an agreement that was fully capable of being 
implemented consistent with existing U.S. law, or provisions detailing separate 
obligations for the United States. Fortunately, at the eleventh hour, the positive 
political will in senior levels of each of the parties and the shared desire to reach 
an agreement prevailed.  The negotiators were essentially instructed to make it 
work. This led to a softening of the issue of separate treatment: rather than provide 
for provisions specifically addressing the United States in the agreement, the other 
parties would conclude the agreement on privileges and immunities without 
any mention of the United States. The United States, for its part, would specify 
in a separate political declaration that it would implement the privileges and 
immunities in the ITER Agreement consistent with the IOIA.

Innovative Solutions, Remaining Challenges

Innovative solutions were found to some of the agreement’s most contentious 
challenges. By placing financial commitments in a separate document, and 
providing that the council could adjust them by consensus over time, the 
negotiators facilitated an agreement. They found the right balance between 
stability for members and the organization concerning withdrawal, liability, and 
dispute settlement. Additional solutions provided flexibility for members whose 



Science & Diplomacy International Research and Infrastructures - 14 

International Fusion Energy Cooperation Todd K. Harding, Melanie J. Khanna, and Raymond L. Orbach

governments were likely to balk at open-ended, uncertain commitments, or 
commitments from which one could never withdraw. For the United States, the 
ability to conclude the agreement consistent with U.S. law (including the IOIA) 
without entering into any open-ended, uncertain financial or other liabilities—
in combination with the provisions in the Energy Policy Act of 2005—provided 
the avenue necessary to reconcile the U.S. positions with the other parties and 
conclude the agreement. Conclusion of the ITER Agreement as a congressional-
executive agreement is an important precedent for similar future projects.

The ITER Agreement was initialed by the heads of delegation in Brussels on May 
24, 2006, with the final signing by all seven parties taking place in the Élysée Palace 
in Paris on November 21, 2006. On November 19, 2007, President Bush signed the 
Executive Order designating the ITER International Fusion Energy Organization 
a Public International Organization, allowing the United States to implement the 
privileges and immunities commitments undertaken during the negotiations.

One could have presumed the hard work was over. Alas, implementation of the 
agreement has not been without early challenges. For example, the initial selection 
of the key staff of the organization was made partly along political lines, with 
each member party submitting nominees for its assigned Deputy Director-General 
position to the ITER Organization leadership for their decision. Unfortunately, 
some members nominated only a single candidate, obviating any choice for the 
ITER Organization. There have since been questions about the competency of 
certain staff to carry out their assignments.

Further, there have been construction delays leading to very significant cost 
re-estimates. It was assumed that the ITER design was eighty percent completed 
before the organization was established. However, it was subsequently re-
estimated to be closer to forty percent complete.3 This led to the need for extensive 
redesign, delaying the ITER construction phase. As is understood widely in project 
management circles, delay means cost increases. The U.S. contribution (9.09 percent 
of the total ITER construction cost) was initially estimated to be $1.12 billion, but 
reexamination in the light of construction delay and uncertainty in design led 
to a revised estimate of $2.2 billion, which includes escalation and contingency 
estimates.

The international community must address and agree on common project 
management standards if there are to be future scientific instruments on the scale 
of ITER or larger. The DOE’s Office of Science, through its project management 
office, anticipated this issue by bringing together representatives from around the 
world to see if a global project management understanding could be crafted. In 
February 2005, the head of the project management office, Dan Lehman, convened 
a meeting of his counterparts from thirteen countries or international entities to 
compare cost elements for large-scale scientific construction projects. The meeting 
highlighted the difficulties associated with comparing construction costs among 
international partners because different countries or international entities often 
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include different cost elements in estimating construction costs. For example, 
Australia, Belgium, France, the United Kingdom, and the United States include 
contingency and escalation (inflation) in cost estimates (Germany includes only 
escalation), while Canada, the European Commission, EURATOM, South Korea, 
Japan, and the Netherlands do not. These differences affect ITER because the 
European Union, Japan, and South Korea do not include contingency and escalation 
in their cost estimates, while the United States does. So when there is a schedule-
slip or a design change, the parties have different estimates with regard to cost 
increases. Failure to recognize the basis for these differences by governments has 
led to ITER Council conflicts that are simply based on differing approaches to 
cost estimation. Diplomatic success will depend upon a “Rosetta Stone” for global 
project management, enabling every party to understand the actual costs of large-
scale construction (Supplementary Table online).

Conclusion

A number of important “lessons learned” emerge from this recounting. One is 
common to most complex international agreement negotiations, but becomes even 
more important in the context of large-scale projects. Negotiators must expect the 
unexpected and maintain a flexible spirit and political goodwill when difficulties 
and mistrust arise. Without political will, trust, and flexibility, international 
agreements of this complexity and importance cannot be achieved. For example, if 
the other parties had insisted on provisions that would have required the United 
States to pursue a treaty domestically, there’s a great likelihood that the treaty would 
still be sitting before the Senate awaiting advice and consent, and that the United 
States would not be at the table in Cadarache today. If the parties had insisted on 
uniform privileges and immunities provisions for all parties, rather than allowing 
the United States to implement the obligations consistent with existing law in the 
form of the International Organizations Immunities Act, the agreement would 
also have been much more difficult for the United States to achieve domestically. 
In general, participants in international project negotiations should expect that 
there will be significant cultural and other divides that will occasionally present 
seemingly insurmountable challenges that give rise to mistrust and “negotiation-
fatigue.” Strong political will is the key to carrying on successfully in the face of 
these difficulties and achieving collective agreement.

Another more operational but no less important lesson for large-scale project 
endeavors is that, in addition to establishing sound construction cost estimates, cost 
containment during construction is crucial to keep projects on time and on budget. 
Construction delays always lead to cost increases. The vehicle for monitoring 
construction costs and schedules is as important as knowledge of the cost elements 
themselves. It is in this area that the greatest danger lies. Without an international 
standard for project management, unnecessary conflicts will arise based not on 
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different priorities, but on the inability to understand each other’s approach to 
cost containment. These issues—including agreement on a common international 
standard for project management—should be addressed in order to help ensure 
that future large-scale international scientific projects can be successful.
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Fernando Quevedo is the director of the Abdus Salam International Centre for Theoretical Physics (ICTP).

ICTP researcher Mikhail Kiselev gives a lecture in Cameroon. ICTP has several programs that support scientists from developing countries.  
Credit: ICTP Photo Archives

The Importance of International Research  
Institutions for Science Diplomacy

Fernando Quevedo

ONE of the major scientific discoveries of the past decades was announced 
on July 4, 2012. On this day, the world learned of the discovery of a new 

fundamental particle that may be the long-sought Higgs particle, the only 
component of the standard model of particle physics yet to be discovered. This 
was a great triumph for science and could mark a turning point in our most basic 
understanding of nature and the early universe. 

That this momentous announcement coincided with the U.S. Independence Day, 
a turning point for world history, is somewhat serendipitous, but helps to remind 
us of the importance that science had for the U.S. founding fathers. (On July 4, 
1776, Thomas Jefferson was simultaneously running a meteorological experiment 
as part of his systematic measure of climate.) 

More importantly, the July 4th Higgs announcement is a prime example of 
effective international science diplomacy. The Higgs particle was discovered at 
the European Organization for Nuclear Research (CERN), an organization formed 
to build the foundations for European science after World War II by bringing 
together former adversaries. Besides strong partnerships within Europe, CERN 
also includes participation of scientists from the United States and many other 
countries. CERN illustrates the importance of science and international research 
institutions in uniting nations to pursue a single noble goal.

Along with CERN, the Abdus Salam International Centre for Theoretical Physics 
(ICTP) in Trieste, Italy, is one of the oldest international research institutions. It 
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also exemplifies how international research institutions can play an important role 
in bridging the world’s political and developmental divides by focusing on large-
scale scientific challenges that require collaboration between countries. 

After decades of operation, both ICTP and CERN have proven that their well-
defined missions and strict emphasis on maintaining the highest international 
scientific standards create a successful and sustainable formula that strengthens 
scientific ties and ensures continuous support from funding sources. As the 
divides of the twentieth century heal and new ones emerge or reemerge, these 
large multinational institutions have had to adapt to the geopolitical and 
developmental realities of the twenty-first century by expanding their scientific 
and geographical reach. With more countries practicing and investing in science, 
these institutions have needed to include, and in fact take advantage of, growing 
scientific communities. ICTP and CERN can draw from these Cold War lessons—a 
mission based on high quality and ambitious science, politically neutral siting of the 
physical facilities, and an inclusive organizational management and membership 
structure—to serve as models for new or future research institutions. 

The vision of ICTP’s founders, most notably Nobel laureate Abdus Salam, was 
to create an institution with a truly global nature at a time when the world was 
divided by the Cold War. The founders chose Trieste because of its great cultural 
diversity, which flows from its rich history—the city oscillated between the Austro-
Hungarian Empire, Italy, and the former Yugoslavia and for a brief period was a 
free independent state under the United Nations after World War II. Its key location 
on the border between Western and Eastern Europe during the Cold War made 
it strategic for an international organization. Exhibiting what may be one of the 
earliest examples of science diplomacy success, ICTP in the 1960s was essentially 
the only place in the West where scientists from both sides of the Iron Curtain could 
meet and share their scientific results and knowledge of physics and mathematics. 

While ICTP has kept pace with the research in physics and mathematics, it 
has since broadened its research activities to include applied subjects that have 
more direct and relatively shorter-term effects on society and are of particular 
importance to developing countries, such as climate change, telecommunications 
(promoting the knowledge and use of low-cost wireless networking), and high 
performance computing (helping developing countries extend their computing 
power for research). The center has also identified research areas for future 
expansion—such as energy and sustainability, quantitative biology, and computing 
sciences—which are of timely importance, especially for developing countries, and 
which complement the center’s current research efforts. 

Whatever the research subjects, ICTP brings together scientists from literally 
all over the world. Since its beginning in 1964, the center has received visitors 
from more than 185 countries. These scientists regularly get together, teach each 
other, start collaborations, learn about each other’s cultures, and share their views 
not only about science but about other subjects including politics, religion, art, 
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music, and food. In a world with many divides, whether it is east and west or 
north and south, ICTP is one of the few places that offers a possibility of dialogue 
among civilizations (of diverse and sometimes contrasting views and opinions). 
Like CERN, ICTP operates under the belief that science is a truly international 
activity; it transcends cultural, religious, national, and ethnic differences among its 
practitioners, unifying in a particular way all of mankind.

In this vein, ICTP continues to expand its geographic reach. ICTP aspires to 
assist science policy makers and scientists in developed, emerging, and the least 
developed countries through the creation of regional centers of excellence and 
active scientific networks. In addition, the center’s Training and Research in Italian 
Laboratories (TRIL) program brings thousands of developing world scientists 
and engineers to train in more than four hundred Italian laboratories, with clear 
benefits to both the hosting institutes and the TRIL participants. This is allowing 
ICTP to have an even greater impact in the scientific landscape of developing 
countries. Furthermore, ICTP has a research group working in the same CERN 
experiment that discovered the Higgs-like particle, strengthening its ties with 
CERN and allowing more scientists from developing countries to get involved in 
the world’s biggest laboratory.

The many programs offered at ICTP to support scientists from developing 
countries provide a holistic and sustainable approach to the goal of reducing the 
scientific gap between industrialized and developing countries. Contrary to most 
efforts on international cooperation that usually address only near-term issues 
without a clear follow-up strategy, ICTP creates strong ties with its visitors that are 
maintained throughout their whole career. 

ICTP has also been able to create a sustainable network of scientists worldwide, 
providing a multiplier factor that enhances the impact of the organization’s work 
to fulfill its mission. ICTP staff scientists have a unique and fulfilling career that 
comprises not only educating students and supporting the center’s many visitors 
from developing countries, but also traveling, often to all corners of Africa, Latin 
America, and Asia. These scientists organize activities, lecture, and open links 
with the local communities, their governments and diplomatic sectors, while at the 
same time maintaining the highest standards of their own research. 

CERN scientists also share many of these duties because of the increasing 
international impact and reach of the laboratory. CERN’s initiatives to expand to 
non-European countries have taken a few different directions. First, it has been 
able to involve non-member states in the construction of its experiments as well 
as in scientific collaborations, which now include members from many countries 
on all continents. It has been organizing schools, such as the CERN Latin 
American school on accelerator physics and, more recently, it has joined ICTP and 
other institutions to organize African schools in fundamental physics. At these 
schools, local scientists and students can attend lectures on subjects as diverse 
as early universe cosmology, the physics and engineering aspects of accelerators, 
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data analysis, and medical applications. CERN has also played a leading role in 
initiatives to have networks of scientists from developing countries join one of its 
experiments, such as the former European Union project known as HELEN (High-
Energy Physics Latin-American-European Network). 

CERN and ICTP share many goals and have been involved in several joint efforts. 
One remarkable example is their common support for SESAME (Synchrotron-light 
for Experimental Science and Applications in the Middle East), which is being built 
in Allan, Jordan, with member states that include Bahrain, Cyprus, Egypt, Iran, 
Israel, Jordan, Pakistan, and the Palestinian Authority. SESAME will be the major 
experimental facility in the Middle East with many applications including material 
sciences and biology. In this way science is opening bridges of collaboration among 
countries in a conflicting political region. 

CERN’s history of bringing together international scientists also serves as a 
model for current and planned international experimental facilities such as the 
International Linear Collider; Iter in France; the Square Kilometer Array (SKA), 
which will be mostly based in South Africa and neighboring countries; and 
ANDES (Agua Negra Deep Experiment Site) in South America. In particular, SKA 
will be the world’s biggest radio telescope, which will not only bring much needed 
scientific activity to the region, but also benefits for the local community deriving 
from being involved in a world-class effort. ANDES may play a similar role in 
South America as a truly Latin American big experimental project.

Other countries, such as Brazil, India, and China, are now in a position to 
host international scientific centers and support the development of science in 
neighboring countries. In 2011 the ICTP-SAIFR (South American Institute for 
Fundamental Research) opened in São Paulo, Brazil, with the goal of promoting 
science in the region following the ICTP model. Similar institutions are being 
planned for other key areas of the world to strengthen scientific collaboration 
within a given region and with the rest of the world.

Clearly, CERN and ICTP are key role models of international science diplomacy. 
For CERN, the results—which would not have been possible without bringing 
together the world’s best physicists and engineers across political divides—have 
included the possible discovery of an important missing piece to the Standard 
Model puzzle as well as the creation of the World Wide Web, a tool so ubiquitous 
today that few can imagine a life without it. ICTP’s successes are more subtle but 
no less important: the building of solid, sustainable science foundations in less-
advantaged parts of the world to ensure that budding scientists, no matter what 
the economic and political situation of their native countries, have the opportunity 
to nurture their ambitions in an environment conducive to the highest levels of 
scientific knowledge and discovery.

Working through the universal language of science, both have demonstrated 
the importance of a global approach to address the challenges of our time. They 
probably represent the best examples of how international scientific institutions 
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can play a crucial role in uniting countries and cultures with the goal of benefiting 
not just a single country or region, but the world as a whole. 

The right to pursue science, like the rights declared more than two hundred 
years ago by America’s founding fathers, should be universal, regardless of a 
country’s economic or technological status. The global nature of science makes this 
possible. This is science diplomacy at its best.

This article originally appeared in the September 2013 issue of Science & Diplomacy.
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A reflection of synchrotron radiation at the Daresbury Synchrotron Radiation Source in Cheshire, England. The United Kingdom donated 
components of five beamlines from Daresbury to SESAME. Credit: Wikimedia Commons/Canadian Light Source Inc.

Synchrotron Light and the Middle East: Bringing the Region’s 
Scientific Communities Together through SESAME 

Chris Llewellyn Smith

RECENT headlines about the Iranian nuclear program, the Israeli-Palestinian 
conflict, and the uncertain implications of the Arab Spring in countries such 

as Egypt, have focused attention on a turbulent region where tribal, religious, 
and cultural tensions impact domestic politics and international relations. Lost 
in these stories are efforts to promote international cooperation and collaboration 
for a common good. SESAME (Synchrotron-light for Experimental Science and 
Applications in the Middle East)—a major intergovernmental scientific facility 
under construction near Amman, Jordan, whose members are Bahrain, Cyprus, 
Egypt, Iran, Israel, Jordan, Pakistan, the Palestinian Authority, and Turkey—is an 
example of such an activity. 

SESAME, which has a target date for commissioning in late 2015, is modeled on 
CERN, the European Organization for Nuclear Research, although the scientific 
aims are very different. CERN was conceived in the aftermath of World War II 
with the explicit twin aims of enabling science that the members individually 
could not afford and contributing to strengthening links between countries that 
had recently been at war. Similarly, SESAME is beyond the reach of most of the 
members’ individual science budgets (and will require a range of skills that few of 
them currently fully possess) and has two aims:

Chris Llewellyn Smith is the president of the SESAME Council and was the director-general of CERN from 
1994 to 1998.
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• Foster scientific and technological capacities and excellence in the Middle 
East and the Mediterranean region (and prevent or reverse the brain drain) 
by constructing an outstanding scientific device and enabling world-class 
research by scientists in a diverse range of fields including biology and 
medical sciences, materials science, physics and chemistry, and archaeology.

• Build scientific links and foster better understanding and a culture of peace 
through scientific collaboration. As the language of science is universal, 
scientists can try to build a bridge of understanding and perhaps trust for 
the benefit of all.

The success of CERN inspired and assisted the creation of many other scientific 
organizations in Europe (such as the European Molecular Biology Laboratory, 
the European Southern Observatory, and the European Synchrotron Radiation 
Facility). If successful, SESAME may not only emulate CERN’s scientific and 
political success, but will also inspire and cultivate other collaborations. While the 
project continues to face challenges, a lot of progress has been made thanks to the 
efforts of the members, especially Jordan, the enthusiasm of the scientists involved, 
and widespread international support.

Synchrotron-Light Sources

In synchrotron-light sources, bunches of electrons circulate at nearly the speed 
of light inside an evacuated tube, which is bent into a ring (in SESAME, the average 
internal diameter of the tube is some 5 centimeters and the length of the ring is 
133 meters). As magnets surrounding the tube bend the electrons’ trajectories, the 
electromagnetic field that surrounds them is unable to respond instantaneously 
and some of the energy in the field keeps going, producing a tangential cone of 
radiation. This radiation, or ‘synchrotron light,’ has wavelengths that range from 
the infrared to x-rays and can be used to study matter on scales ranging from 
viruses down to atoms. SESAME will be a competitive third-generation light 
source, meaning that it will be equipped with devices (‘wigglers’ and ‘undulators’) 
in straight sections of the ring that will create magnetic ‘bumps’ in the electrons’ 
road. Forward-going radiation, produced as successive bumps shake off part of the 
electromagnetic field, adds up and produces beams that are much more intense 
than those produced by bending in the curved sections. Obviously, these light 
sources are capital intensive and very expensive projects requiring sophisticated 
technical capacities. 

The synchrotron light is collected by different ‘beamlines’ (optical systems) 
connected to the ring that focus the light on to experimental ‘targets,’ allowing 
many experiments to be run simultaneously. As with other synchrotron-light 
sources, the scientific ‘users’ conducting experiments at SESAME will be based in 
universities and research institutes in the region. They will visit the laboratory 
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periodically to carry out experiments, generally in collaboration, where they will 
be exposed to the highest scientific standards, and then later analyze their data at 
home. 

The Origins of SESAME

Synchrotron-light sources have become an essential tool in a very wide range of 
applied and basic sciences. There are more than sixty such light sources in the world, 
including a few in developing countries, but none in the Middle East. Eminent 
scientists, including the Pakistani Nobel laureate Abdus Salam, understood the 
need for an international synchrotron-light source in the Middle East as long as 
thirty years ago. It was also understood by the CERN-based MESC (Middle East 
Scientific Cooperation), headed by Sergio Fubini. Their efforts to promote regional 
cooperation in science, and also solidarity and peace, started in 1995 with the 
organization of a meeting in Egypt at which Venice Gouda, the Egyptian Minister 
of Higher Education, and Eliezer Rabinovici, of MESC and Hebrew University in 
Israel, took an official stand in support of Arab-Israeli cooperation. 

In 1997, Herman Winick of the SLAC National Accelerator Laboratory at Stanford 
University in the United States and Gustav-Adolf Voss of the Deutsches Elektronen 
Synchrotron in Germany suggested building a light source in the Middle East 
using components of the soon to be decommissioned Berlin Synchrotron, BESSY I. 
The MESC pursued this brilliant proposal, and, in 1999, persuaded Federico Mayor, 
then director-general of the United Nations Educational, Scientific and Cultural 
Organization (UNESCO), to convene a meeting of delegates to UNESCO from the 
Middle East and neighboring regions. Together, they launched SESAME and set up 
an International Interim Council under the presidency of Herwig Schopper (who 
is a former director general of CERN). 

After a competition with five other countries, the council selected Jordan to 
host the center. The German government donated the components of BESSY 1 to 
SESAME. UNESCO funded the dismantling costs with additional contributions 
from members, the U.S. Department of State, and the Abdus Salam International 
Centre for Theoretical Physics (ICTP) in Trieste, Italy. 

In May 2002, the UNESCO Executive Board unanimously approved the 
establishment of SESAME under the auspices but completely independent of 
UNESCO, which is the depository of SESAME’s statutes (as it is for CERN, which 
was also established under the auspices of UNESCO). The center formally came 
into existence in April 2004. 

Members’ decisions to join SESAME, which were made at a time when tensions 
in the region were lower than they are today, did not attract much attention. 
Different members followed different procedures. For example, in Israel, which 
was involved from the start (although Israelis already have access to the European 
Synchrotron Radiation Facility as a contributing Scientific Associate) and whose 
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presence is a major element of the political rationale for SESAME, many bodies 
were involved, including scientists, the Academy of Sciences and Humanities, the 
Ministry of Science, and the Planning and Budgeting Committee of the Council for 
Higher Education. In Iran (which, although it had been involved from a very early 
stage, did not formally join until 2007), where the science base is one of the fastest 
growing in the world and there is an especially strong scientific case for joining 
SESAME, there was a vote (152 for joining, 6 against) in the Parliament. 

International Support for SESAME

From the beginning there has been wide international interest in and support 
for SESAME. France, Germany, Greece, Italy, Japan, Kuwait, Portugal, the Russian 
Federation, Sweden, Switzerland, the United Kingdom, and the United States 
are observer countries. Their representatives at SESAME Council meetings are 
generally experienced synchrotron-light users who provide invaluable advice. 
The four SESAME Advisory Committees (Beamlines, Scientific, Technical, and 
Training) contain senior scientists and accelerator experts from Canada, France, 
Italy, Japan, Kuwait, Spain, Switzerland, the United Kingdom, and the United 
States, as well as ICTP and, of course, the SESAME Members.

Following the example set by Germany, equipment that had become surplus to 
requirements has been donated by France, Italy, Switzerland, the United Kingdom, 
and the United States. For example, the United Kingdom donated components 
of five beamlines from its Daresbury synchrotron. European, American, and 
Japanese centers are also contributing valuable assistance and advice in designing, 
constructing, and utilizing SESAME. 

The important training program has been almost entirely funded by the 
generosity of outside bodies who are inspired by the vision that underlies the 
project—including international organizations (the International Atomic Energy 
Agency [IAEA], UNESCO, ICTP, the European Synchrotron Radiation Facility, 
and the European Union LinkSCEEM project), and national organizations and 
synchrotron laboratories (in Brazil, France, Germany, Italy, Japan, Portugal, Spain, 
Sweden, Switzerland, Taiwan, the United Kingdom, and the United States). The 
program is also funded by scientific bodies (the American Physical Society, the 
American Chemical Society, Deutsche Physikaliche Gesellschaft, the European 
Physical Society, the Institute of Physics, and the International Union of Pure and 
Applied Physics) and by two foundations (the Canon Foundation for Scientific 
Research and the Richard Lounsbery Foundation). 

The SESAME Training Program

SESAME is already contributing to building scientific and technological human 
capacity in the Middle East and neighboring regions. A series of users’ meetings 
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and excellent training opportunities (supported by IAEA, various governments, 
and many of the world’s synchrotron laboratories) are helping to foster the 
potential user community—which numbers more than two hundred—and are 
already bringing significant benefits to the region.1 

Eight synchrotron-radiation laboratories in Europe kick-started the SESAME 
training program by providing long-term fellowships to train sixteen scientists and 
engineers from the region as accelerator specialists—a number of whom are now 
building SESAME. In parallel, eleven scientists from the region received training 
in the United States on applications of synchrotron radiation, thanks to support 
from the U.S. Department of Energy. This was strongly reinforced by subsequent 
substantial funding from the IAEA. Initially, the focus was mainly on training 
accelerator physicists, but it has now switched to training beamline scientists and 
future SESAME users from the region. 

During the last decade, more than four hundred scientists and engineers 
participated in twenty-one SESAME users’ meetings, workshops, and schools in 
the Middle East and elsewhere on the use of synchrotron light in biology, materials 
science, and other fields, as well as on accelerator technology. Approximately 
seventy-five of these men and women have spent periods of up to two years 
working at synchrotron-radiation facilities in Europe, the United States, Asia, 
and Latin America (mostly in countries that are SESAME observers). This has 
given scientists from the SESAME Members the opportunity to use existing light 
sources while SESAME is under construction, thereby providing them with first-
hand experience and further swelling the ranks of Middle Eastern scientists with 
experience in using synchrotron-radiation sources. Besides increasing the technical 
capacities of the scientists and engineers in the region, the training program has 
also helped to foster individual relationships between scientists in the region and 
with scientists in the observer countries. 

The Status of SESAME

The original proposal was to upgrade and rebuild the second generation BESSY 
1. The SESAME Members joined on the understanding that, although they would 
be required to cover the manpower and operational costs, they would not be 
required to contribute to capital costs, Jordan having agreed to provide the building 
and land. In 2002, however, this plan was abandoned in favor of building a third-
generation light source with a completely new—much larger—main ring (fed with 
electrons from the upgraded BESSY 1 ‘booster’ synchrotron, which in turn will be 
fed by the upgraded BESSY 1 ‘microtron’). This new main ring will store electrons 
with an energy of 2.5 GeV (gigaelectronvolts). The decision to build a competitive 
higher energy third-generation device, which will attract the best scientists from 
across the SESAME region, helps ensure the future success of SESAME. However, 
when the decision was made, it was mistakenly thought that an outside source 
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would cover the additional cost. Finding the necessary capital funding has been a 
huge challenge, which has only been partially solved in recent months.

Nevertheless huge progress has been made. At the time of writing, the value 
of investments made plus in-kind contributions that will be in use on day one 
of operation total some $50 million. The SESAME building was opened in 
November 2008 in a ceremony under the auspices of His Majesty King Abdullah 
II of Jordan, and with the participation of His Royal Highness Prince Ghazi Bin 
Muhammad of Jordan and Koïchiro Matsuura, then director-general of UNESCO. 
The radiation shielding has all been built, the cooling and ventilation system is 
being manufactured and installed, the refurbished microtron is in place and 
has produced a beam at full energy, and commissioning of the refurbished and 
upgraded booster synchrotron, which is currently being installed, should begin in 
mid-2013.

An additional $36 million of capital investment is needed to provide the main 
2.5 GeV ring and supporting infrastructure, and bring SESAME into operation 
with four day-one beamlines (three based on cannibalized components of donated 
beamlines, refurbished and adapted to work at SESAME, and one completely new).  
It will also fund a security system and a guest house, which will allow users to 
work intensively during visits to SESAME and is necessary for visitors from some 
of the SESAME Members given the political tensions in the region. Subsequently, 
a further $24 million will be needed to provide additional radio frequency power 
to bring SESAME to its full performance, for three more beamlines, and to provide 
additional office space and a meeting/conference center. When SESAME is not in 
operation, the guest house and conference center could be used to hold international 
meetings on issues from agriculture or water resources to archaeology, in secure 
surroundings in one of the few countries in the region to which access is relatively 
easy for all. 

 In March 2012, Iran, Israel, Jordan, and Turkey each agreed to make voluntary 
contributions of $5 million to capital funding. In July 2012 the European Union 
agreed to provide €5 million for the construction of the magnets of the main ring, 
under an agreement that CERN will lead the work and provide training for the 
SESAME staff who will be involved. In addition, Pakistan and the Palestinian 
Authority have expressed a willingness to make in-kind contributions with values 
up to $5 million and $2 million respectively, Egypt is very seriously considering 
providing $5 million (which might well have been agreed by now were it not for 
frequent changes of government over the last year), and the U.S. government is 
considering making a significant contribution. Funding is also being sought from 
charitable foundations, which might be especially interested in supporting the 
guest house and conference center. If the full $36 million needed from now to the 
end of 2015 is not available, certain items could be postponed in the interest of 
bringing SESAME into operation and starting the experimental program at the 
earliest possible date.
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The annual operating budget of SESAME, which is currently $2.3 million, will 
rise steadily to around $5.3 million in 2017 when SESAME will be fully operational. 
Increasing the budget by this magnitude over a few years will be difficult for the 
members, many of whom have very small science budgets. SESAME plans to seek 
endowments for posts at SESAME or for users at universities in the region that 
could be associated with SESAME, which would help ensure the success of the 
project and ease the financial burden on the members.

Outlook

SESAME has faced, and continues to face, major challenges:

• Obtaining the remaining capital funding as well as stable financial support 
for operating costs, which will not be easy given the low level of science 
funding in many of the members and unexpected financial difficulties that 
can arise (e.g., as a result of the cataclysmic floods in Pakistan). 

• Attracting additional members, with which UNESCO is helping. Broadening 
the scientific base of SESAME and sharing the benefits (and the financial 
burden) more widely would be in everybody’s interest. In particular, 
SESAME hopes to attract more members from the Gulf, the Maghreb, and 
possibly the Caucasus and Central Asia. However, there is reluctance to join 
at a time of great political tension in the region.

• Compensating for differences in the financial, scientific, and human resources 
of the members, which has not proved as difficult as might have been feared. 
However, the fact that not all are contributing to the capital cost could prove 
a source of tension in the future. Additionally, scientific disparities could 
become a problem when it comes to selecting experiments and allocating 
time with the beam, although the expectation is that collaborative work will 
serve to iron out differences. 

• Solving issues involving travel restrictions, which are a serious problem. The 
SESAME Council can meet in Jordan without difficulty, but it has not been 
possible to hold meetings in other member countries except Cyprus, Egypt, 
and Turkey.

Nevertheless an enormous amount has been achieved thanks to the enthusiasm 
of scientists in the region, strong support in Jordan (from His Majesty King 
Abdullah II downwards), the help of UNESCO and IAEA, and the extremely 
impressive worldwide support for the project, largely inspired by its political aims, 
in the form of donated equipment and provision of training opportunities and 
expert advice. 
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The voluntary contributions (agreed in March 2012) constitute a major step 
forward and make it possible that commissioning will begin in late 2015. SESAME 
is working politically and technically, and the training program is building capacity 
in the region. Political differences are generally forgotten in SESAME meetings. 
While at times of particular tension hints of differences have very occasionally 
surfaced, governmental representatives of such unlikely partners as Israel, 
Iran, the Palestinian Authority, the United States, the United Kingdom, Cyprus, 
and Turkey, among others, are still able to sit around a table together working 
constructively for a common goal. Experience from CERN and the atmosphere 
at SESAME users’ meetings provides confidence that, while there may be initial 
suspicions to be overcome, the users from different member countries won’t have 
any difficulty working together at SESAME. 

“Science for peace” only works if the science is truly excellent. My job as 
president of the council is to ensure that SESAME will be a first-class scientific 
instrument. If it is, SESAME will attract excellent scientific users from all the 
member countries and encourage scientists to remain in, or return to, their home 
region to pursue their research. These scientists will work together to produce 
first-class science while building personal links that cross political, cultural, and 
religious boundaries. 

Endnotes

1. The opinions of some of the people involved on the benefits of SESAME can be found at http://mag.digitalpc.co.uk/fvx/
iop/esrf/sesamepeople/.

This article originally appeared in the December 2012 issue of Science & Diplomacy.
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The International Space Station (ISS) (March 7, 2011). Inset: A STS-96 crew member aboard Discovery recorded this image of the ISS with a 70mm 
camera during a fly-around following separation of the two spacecraft (June 3, 1999). Credit: NASA

Research and Diplomacy 350 Kilometers above the Earth: 
Lessons from the International Space Station

Julie Payette

THE construction of the International Space Station (ISS) began in earnest and 
dramatic fashion in 19981 when the U.S.-built module Unity was mated with a 

Russian module using the Canadian-built robotic arm on the space shuttle. After 
fourteen years of multiple redesigns, cutbacks, and intricate intergovernmental 
negotiations, the dream of a permanent, peaceful, and collaborative occupation of 
near Earth orbit had begun. Fittingly, the Russians had named their first module 
Zarya to signify the dawn of a new era of international cooperation in space. What 
is perhaps the most complex and technically ambitious large-scale engineering 
project ever undertaken by a group of nations—the building of a scientific 
laboratory in the harsh environment of lower Earth orbit—is as much a foreign 
policy and human achievement as it is a technical one. 

ISS Today

A massive object spanning the area of a U.S. football field, the ISS2 was 
painstakingly built in bits and pieces over dozens of assembly flights spanning 
more than a decade. Comprised of ten pressurized modules, it has more livable 
room than a conventional five-bedroom house, featuring two bathrooms, numerous 
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pieces of exercise equipment, sleeping quarters for six crewmembers, and a 360 
degree bay window. Following a short line of previous space stations that includes 
the soviet Salyut stations, the U.S. Skylab, and the Russian Mir,3 the ISS is the only 
habitable research laboratory currently operational in microgravity.

Barreling at twenty-five times the speed of sound4 some 350 kilometers above the 
surface of the Earth, ISS orbits the Earth sixteen times every day. When observed 
from Earth at the times of the most visible illumination (which happens shortly 
after sunset or before sunrise to the ground observer), the ISS is the brightest star 
in the firmament, and the only one obviously on the move. 

Besides electricity, which is generated on board via four pairs of gigantic solar 
arrays, all supplies and payloads for ISS are brought from Earth through cargo 
spacecraft. Water, in particular, is a very precious resource used to produce oxygen, 
to rehydrate food, and for hygiene. Its rate of usage and reserves are heavily 
monitored and the station recycles most of its air and water. Equipment and 
crew transfer needs are provided via government-owned spacecraft from Russia, 
Europe, Japan, and, up until recently, the United States, via the Space Shuttle. On 
May 25, 2012, however, U.S.-based Space Exploration Technologies Corporation 
(SpaceX) became the world’s first privately held company to design, launch, dock, 
and recover a re-supply ship, the Dragon spacecraft, to the ISS. 

Although consisting of one physical entity, jointly managed and monitored by 
all partners, the ISS is operationally divided into a U.S. segment and a Russian 
segment, which are separately (but not exclusively) controlled from the ground via 
two main mission control centers (MCC): one at the NASA (National Aeronautics and 
Space Administration) Johnson Space Center in Houston, Texas, and one operated 
by the Russian Space Agency in Korolev, north of Moscow. Additional control 
centers are in Tsukuba, Japan (for the KIBO Japanese laboratory complex), Munich, 
Germany (for the European-built Columbus laboratory), and Montreal, Canada (for 
robotics operations), but MCC-Houston is the primary center for mission design, 
development, and integration.

The station has been continuously occupied for more than twelve years by 
astronauts of fifteen different nationalities. It has long exceeded the previous 
record of 3,634 days set by Mir in 2010.5 On board ISS, crew members serve as 
operators, engineers, maintenance personnel, and scientists, conducting research 
in basic life and physical sciences, human health, and earth and environmental 
science. The station is also used as a test bed for new spacecraft systems and future 
technologies. The official language of the station is English, but operations are 
conducted in both Russian and English. No passport or visa are required to board 
and move about the station. Funded until 2020, the ISS is expected to operate until 
2028.
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ISS—A Foreign Policy Decision

In the early 1980s, after years of Soviet dominance of human presence in lower 
Earth orbit and the demise of America’s own space station, Skylab—which was 
abandoned after two years of use and came crashing into the Earth’s atmosphere 
in 1979, with debris falling over western Australia—the U.S. government was 
eager to launch its own module station as a counterpart. The idea was made 
official in January 1984 in President Ronald Reagan’s State of the Union address. 
In a style somewhat reminiscent of President John Kennedy’s famous 1961 Moon 
speech, President Reagan asked for a space station to be built in partnership with 
other countries “within a decade.” Europe, Japan, and Canada responded to the 
invitation and Reagan’s station was named “Freedom” as a symbol of unity of the 
Western world in the Cold War. “We can follow our dreams to distant stars, living 
and working in space for peaceful, economic, and scientific gain,” Reagan said. 
“Tonight, I am directing NASA to develop a permanently manned space station 
and to do it within a decade, NASA will invite other countries to participate so we 
can strengthen peace, build prosperity, and expand freedom for all who share our 
goals.”

After the fall of the Soviet Union and with the space race therefore effectively 
over, the former Cold War warriors were quick to sign the 1992 Agreement between 
the United States of America and the Russian Federation Concerning Cooperation 
in the Exploration and Use of Outer Space for Peaceful Purposes in which they 
pledged to collaborate and have their crew members fly on each other’s vehicles. 
Meanwhile, plagued by budget and design constraints, the plan of building the 
Freedom space station had hardly progressed and the project was nearly cancelled.6 

By June 1993, the Advisory Committee on the Redesign of the Space Station 
recommended that NASA pursue opportunities for cooperation with Russia in 
order to reduce costs, enhance Freedom’s capabilities, and (it was hoped) achieve 
earlier completion of the assembly.7 The committee also recommended that the 
redesigned space station be launched to an orbit that would accommodate Russian 
launches in order to provide alternative transport to the station.8 The Russians 
agreed to join in and the new space station configuration, which included hardware 
to be purchased from Russia, was renamed the International Space Station Alpha 
(ISSA). The 1993 ISS agreement was in fact a contract with the Russian Space 
Agency (Roscosmos) that was to be executed in three phases, considered as single 
packages, with the ultimate objective of building and operating a joint scientific 
research complex in space. 

The first phase was designed to allow the United States to learn from Russian 
experience in long-duration spaceflight and to foster a spirit of cooperation between 
the two nations. It involved nine shuttle flights to Mir between 1995 and 1998. Space 
Shuttle Atlantis was modified and outfitted with a Russian docking mechanism 
so that a connection between the two vehicles could be made. Conducted while 
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intense negotiations and on-going dealings regarding the details of the ISSA’s 
construction were taking place, the joint Phase 1 flights were a great success and set 
the table for the development of techniques for the assembly and operation of the 
future station. Mir was last visited in 2000 and successfully de-orbited on March 
23, 2001, making a spectacular, controlled re-entry into the Earth’s atmosphere and 
scattering its unburned fragments as planned over an uninhabited remote area of 
the South Pacific Ocean. 

In 1998, the ISS partners (Canadian Space Agency [CSA], the European Space 
Agency [ESA], the Italian Space Agency [ASI], the Japan Aerospace Exploration 
Agency [JAXA], NASA, and Roscosmos) were ready to formalize their plans. 
They dropped the “Alpha” from ISSA and signed a series of Intergovernmental 
Agreements and Memoranda of Understanding amongst themselves that 
established the ownership of modules, the station usage by participant nations, the 
contractual obligations, and the rights and responsibilities of each. Spearheaded by 
the determination of the United States government to get everyone on board and 
tap into the potential of scientific cooperation as a unifying tool, this unprecedented 
body of international framework agreements laid out the basis for the station that 
orbits Earth today. 

Science Goes International

The idea of nations getting together and collaborating to build some elaborate 
scientific platform is part of what seems to be a clear international trend of the past 
few decades: science, and particularly “big science,” has become a global affair. 

Large-scale international projects involving several countries with formal 
agreements to achieve specific science, R&D, or engineering goals are now not only 
common, but utterly successful. As is the case for the ISS, such projects pursue 
highly complex technical objectives, require global knowledge and industrial 
resources, span years or even decades, and usually entail the design, construction, 
and operation of large, unique facilities. 

As Barry Shore and Benjamin J. Cross wrote in the International Journal of 
Project Management, “these projects are more complex because they often require 
cooperation from organizations or groups whose managers come from countries 
where management processes and decision-making behaviour are very different. 
One underlying factor that helps to explain and understand these differences is 
the national culture in which these managers have been raised, educated, and 
trained.”9

As an example, the world’s largest particle accelerator—the Large Hadron 
Collider (LHC)10 built by the European Organization for Nuclear Research 
(CERN)—is a masterpiece of international scientific collaboration. Lying in a 27 km 
radius circular tunnel buried beneath the border of France and Switzerland, the 
LHC was built in collaboration with thousands of scientists and engineers from 
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around the world and helps answer some of the most fundamental and exciting 
questions of modern physics. Another consortium of nations is completing 
the construction of an array of sixty-six radio telescopes—the Atacama Large 
Millimetre/sub-millimetre Array (ALMA)11—at an altitude of five thousand meters 
in the Atacama Desert of northern Chile. The ALMA Observatory is expected to 
provide unprecedented images of local star and planetary formations. 

ITER,12 a long-haul research and engineering project in plasma physics, is 
similarly promising. Located in the south of France, ITER is currently building 
the world’s most advanced experimental nuclear fusion reactor. It is sponsored 
and run by a massively global group of nations: the European Union (EU), India, 
Japan, China, Russia, South Korea, and the United States. ITER, scheduled to be in 
operation in the 2020s, carries high hopes that its outcome will eventually lead to 
the construction of plasma fusion power plants that will bring this highly efficient, 
renewable, and clean energy to the commercial market. 

Many surmise that international scientific collaboration has intensified as of late 
mostly because large research is too costly for single nations to undertake alone. 
While this may be true, there is more to it than just finance. 

ISS as a Foreign Policy Tool

The benefits of the space station are manifold. As a permanent, habitable 
infrastructure in lower Earth orbit, it advances the understanding of the impacts 
of living outside the boundaries of the planet, helps build a foundation for future 
technologies and for the human exploration of the Moon, Mars, and beyond. A 
world-class microgravity laboratory also adds to our knowledge base in human 
health and physical sciences and enhances the quality of life here on Earth. 
The station also benefits the science and engineering community by creating 
jobs for tens of thousands of highly qualified personnel involved in the design, 
development, fabrication, mission control, management, training, and operation 
of such a complex infrastructure. Finally, the presence of humans onboard an 
orbital outpost is viewed by many as quite inspiring and serves to motivate the 
next generation of scientists, engineers, writers, artists, politicians, and explorers. 
However, the ISS’s tour de force is not simply in engineering and R&D, it is in 
the unprecedented collaboration, synergy, and entente the partners have displayed 
through its planning, construction, and, now, utilization phase.

 In today’s world, communications are as instantaneous as they are far reaching. 
Nations are forced to collaborate if they are to remain competitive in a constantly 
evolving technological landscape, and the participation in multilateral projects 
produces important collateral foreign policy benefits. 

Most governments acknowledge both the imperative of teaming up in order 
to address the mounting number of global challenges requiring multilateral 
solutions, such as climate change, overpopulation, and disease, and the ability of 
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science to create new or reinforce existing partnerships between countries that can 
be sustained regardless of the political winds. 

Although built on the argument of scientific advances and economic benefits to 
come, many are convinced that bringing Russia into the ISS program was mainly 
prompted by foreign policy reasons. In “Partnership – The Way of the Future for 
the International Space Station,” Tara Miller wrote, “One reason Russia was asked 
to join the space station program dealt with financial problems. However, since 
the inclusion of the RSA into the partnership, the ISS has become a foreign policy 
tool. The ISS is used to help prevent the transfer of advanced engine technology 
from Russia to other countries. It is hoped Russia’s space program can be used in 
a constructive manner, to ensure that inter-continental missile technologies do not 
fall into the hands of warring states.”13

The truth is that ISS has been a model of science diplomacy.
The ISS has been constructed by a group of eclectic partners—some of whom 

were more or less enemies in the not-so-distant past—who chose to believe in the 
same vision and to surmount their cultural, organizational, and political differences 
in order to march in the same direction. It is being operated, maintained, and used 
around the clock 365 days a year in one of the most unforgiving environments 
possible, with facilities, equipment, managers, and crew located around (and 
above) the globe, across time zones, borders, languages, and cultures. Consider also 
that the station has been inhabited by men and women without interruption for 
over a decade. All this occurred without an onboard scuffle or major international 
incidents. In fact there has been so little drama surrounding ISS that the station 
rarely makes headlines.14 

To make it to the goal of “Assembly Complete” and overcome the odds, the 
partners were careful in working out solutions that were viable in the context of the 
global economy and global inequality. They had made plans, negotiated financing, 
organized resources, allocated personnel, created schedules, and controlled the 
activities in proportions that were compatible with their national priorities. 

In 2009, as the construction of the ISS neared completion, the partners reflected 
on this achievement and attempted to capture the lessons learned over the design, 
development, assembly, and operations phases.15 They emphasized that one of the 
keys to the success of such endeavours was to develop a long-term shared vision 
that transcended domestic policies and fostered a shared destiny. They wrote that 
they had learned that the mission objective should be a succinct, inspiring statement 
and goals should be clearly defined to enable partners to participate based on 
their objectives and priorities to the greatest extent possible while ensuring the 
provision of all critical path items. Formal frameworks were deemed essential and 
plans should account for unforeseen events, or withdrawal of participants, without 
jeopardizing the overall mission objective.

The ISS partners also recognized the role of key characteristics such as 
flexibility, realistic objectives, graceful integration, workable provisions for export 
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control, and the definition of clear processes for the common interfaces and the 
critical systems. They underlined the strength of using a consensus approach for 
decision making and of having agreements on communication processes, conflict 
resolution, and codes of conduct. They understood the need to anticipate and 
accommodate partner budget cycles and fluctuations, the importance of securing 
and maintaining political support, and the benefits of considering and including 
commercial involvement.

Their foresight paid off. And unbeknownst to the ISS partners, by using a 
scientific platform to showcase their benevolence and their know-how, they 
may have set a new trend. Nowadays, in an effort to demonstrate and maintain 
leadership, make a mark, be part of the forerunners, or simply be noticed, many 
nations have updated their traditional model of political, commercial, and cultural 
representation to include diplomatic representation of their innovative skills, 
research achievements and potential, and of the quality of their highly qualified 
workforce. In other words, science diplomacy is on the rise.

As Australia’s chief scientist, Ian Chubb, pointed out, “It stands to reason, then, 
that scientific expertise should be a fundamental part of diplomatic efforts. As 
single nations can neither solve them alone nor develop solutions to every problem, 
scientific cooperation becomes an increasing necessity.”16

Legacy

The International Space Station represents a paradigm shift from the way we 
used to approach human exploration of space. Although its accomplishments may 
not be widely recognized at the present, ISS will go down in history as a first of 
its kind and a formidable example of an effective foreign policy tool. ISS brought 
(and somewhat forced) nations to work together, causing them to think not from 
a microcosm of nationality, but in terms of pushing the boundaries of the known 
world as partners, in a collaborative spirit and a peaceful manner. While it may 
be an unusual behavior for human beings to adopt when it comes to opening 
uncharted territory, it is a promising development. 

Hopefully, the lessons of collaboration the station brought will encourage 
emerging countries and nations that are currently still going it alone to reach out, 
and the mechanisms that made ISS and other large scientific projects a success 
can be applied to other domains elsewhere on Earth, and follow us beyond, as we 
continue to push the frontier of our search and travels. SD
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