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DISC LA1 M E Fa 

The work described in this report was completed prior to the substantial restructuring of the fusion 
program’s goals, objectives, and budget for fiscal year 1996 and beyond. Because of this restructuring, the 
U.S. government is no longer considering the possibility of hosting the International Thermonuclear 
Experimental Reactor (ITER). Nevertheless, continuing participation in the ITER Engineering Design 
Activities and the potential limited financial participation in future ITER construction and operation 
remain important parts of the new US.  fusion energy sciences program. While some of the planning 
assumptions are no longer valid, this early 1995 strategy is being published with the hope that the 
methodology may be valuable to any further economic studies. 

iv 



Economic Impacts on the United States of Siting 
Decisions for the International Thermonuclear 

Experimental Reactor: Executive Summary 

J.P. Peerenboom, M.E. Hanson, J.R. Huddleston, and T.D. Wolsko 

Introduction 
This summary highlights the results of a study 
that examined and compared the probable short- 
term economic impacts of the International 
Thermonuclear Experimental Reactor (ITER) on 
the United States (U.S.) if (1) ITER were to be 
sited in the U.S. or (2) ITER were to be sited in 
one of the other countries that, along with the . 

U.S., are currently participating in the ITER 
program.’ Life-cycle costs associated with ITER 
construction, operation, and decommissioning 
were analyzed to assess their economic impact. 
A number of possible U.S. “host” and 
U.S. “non-host” technology and cost-sharing 
arrangements were examined. 

The study examined both national and 
localhegional economic impacts, as measured by 
gross domestic product (GDP), regional output, 
employment, income, and net exports. These 
impacts represent a portion of the complex, 
interrelated set of economic considerations that 
characterize U.S. host and U.S. non-host 
participation in ITER. Table 1 summarizes the 
findings of the study. 

Background 
As a potential future energy source, fusion - the 
process by which the sun and other stars produce 
energy - could produce large amounts of 
electricity for world use. Fusion is an attractive 
option because its fuel (isotopes of hydrogen) is 
virtually inexhaustible, and, unlike fossil fuels, it 
will not produce undesirable combustion 
products that damage air quality and contribute 
to global environmental problems. This promise 

about $8 billion) would produce positive short- 
term economic benefits in the United States 
(national level), as measured by changes in: 

- Gross domestic product, 
- Regional output, 
- Employment, 
- Income, and 
- Netexports. 

+ Participating in ITER as a non-host Party (at an 
estimated life-cycle cost of about $3.9 billion) 
would result in small negative economic 
consequences at the national level. 

+ Alternative cost-sharing arrangements among 
the host and non-host Parties could reduce or 
enhance the advantages of hosting versus 
non-hosting. 

+ The magnitude of economic impacts at the 
national level depends on the source of ITER 
funds within the U.S. economy. 

+ Hosting ITER would produce significant positive 
economic benefits in the area immediately 
surrounding the ITER site (local level). 

+ Local economic benefits could vary significantly 
as a result of site-specific characteristics. 

has led the U.S. and other industrialized nations 
to actively engage in various fusion research and 
development (R&D) programs - both 
collectively and separately - to harness 
its power. 

ITER Program 
One such program - the ITER program - was 
initiated in 1988 by the European Community 
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(now known as the European Union), the Soviet 
Union (Russia is now honoring the former 
Soviet Union’s commitment), Japan, and the 
U.S. (hereafter referred to as the “Parties”). This 
multiphase international R&D program 
ultimately aims to demonstrate the scientific and 
technological feasibility of magnetic fusion 
energy. To accomplish this goal, the ITER 
facility would demonstrate an extended and 
controlled fusion reaction, demonstrate 
technologies essential to a fusion reactor in an 
integrated system, and test the special 
components required for the practical use of 
fusion energy. This first-of-a-kind collaborative 
scientific project represents the next major 
milestone in the program: to develop magnetic 
fusion as an energy source. 2 

The Parties are currently conducting a six-year 
Engineering Design Activities (EDA) phase that 
will provide a foundation for deciding whether 
to construct and operate ITER either 
collaboratively or separately. However, no 
decisions have been made to commit to 
construction, and there is no agreed-upon 

decision-making schedule at this time. If a 
decision is made to construct ITER, one Party 
would probably serve as the host. The remaining 
Parties (non-hosts) would likely participate in 
constructing and operating the facility. Cost- 
sharing arrangements and the process by which 
the Parties will select a host country and ITER 

3 site remain open issues. 

Study Approach and Scope 
The study used a two-phase approach to analyze 
the economic impacts of ITER (Figure 1). The 
first phase characterized ITER in terms of 
technological components and time-dependent 
expenditure data corresponding to specific ITER 
life-cycle activities and translated this 
information into a form suitable for the 
economic analysis models. Each ITER 
expenditure was assigned (or mapped) to a 
specific economic sector within the 
U.S. economy. Cost data were categorized as 
labor, equipment, and material. These data were 
based on pre-EDA ITER reports and the ITER 
Director’s Outline Design Cost Estimate 

Models, Methodologies, 
and Assumptions 

- a -  - -- __. - _ _  
ITER Design and Cost Data 

Models, Methodologies, Net Exports 
and Assumptions Sectoral Output 

Income 

Analysis Phase t Characterization Phase 
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Figure 1 Phases of the Economic Study 
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developed during the EDA.495 Assumptions 
about cost-sharing arrangements between the 
host and non-host Parties were used to determine 
financial responsibilities and where specific 
expenditures would occur. 

The second phase analyzed the impact of ITER 
on the national economy and, if the U.S. were 
the host Party, on the local area that would serve 
as the site for the ITER project. Representative 
localities, rather than specific ITER sites, were 
used to estimate probable benefits. A method- 
ologically consistent and robust set of analytic 
models was applied. 

The study captures many of the direct and 
indirect economic impacts associated with ITER 
construction, operation, and decommissioning 
and provides insight into the expected magnitude 
of those impacts. However, a number of 
potential costs, benefits, and impacts associated 
with U.S. participation in the ITER program 
were not considered: the costs of the EDA; 
potential regulatory, licensing, and related costs; 
site selection, preparation, and local infra- 
structure costs (if the U.S. were the host Party); 
and spin-off and high-technology benefits. 
Further study would be required to estimate 
these potential costs and benefits. 

In addition, the number of Parties involved in 
ITER construction, operation, and decom- 
missioning could be either smaller or larger than 
the four Parties currently involved in the EDA 
and assumed in this study. Such a change would 
result in different levels of hosthon-host cost 
sharing and alter the magnitude of economic 
impacts. Similarly, a number of different cost- 
sharing arrangements among the non-host Parties 
are possible, which would affect the magnitude 
of non-host economic impacts. Further study 
would obviously be needed in these cases to 
estimate the potential costs and benefits. 

ITER Cost Characterization 
Life-cycle ITER cost characterization data (in 
1994 dollars) are summarized in Table 2. 
Construction ($10 billion), which is assumed to 

Table 2 ITER Life-Cycle Costs (in billions 
of 1994 dollars) 

Item Total 
Cost Category cost cost 

Construction - Capital 6.80 
- Building and Structures 0.86 
-Tokamak Magnets 2.52 

- Auxiliaries 1.18 
-Assembly 0.44 

- Tokamak - Other 1 .ao 

Construction - Other 3.20 - Design and Management 1.90 
- R&D during Construction 0.40 
- Preparation for Operation 0.90 

Construction Total 10.00 

Operation (1 8 years) - Tokamak Operation 
($320 million/yr) - Experiments 
($1 60 millionor) 

Decommissioning 

Life-Cycle Total 

8.64 
5.76 

2.88 

1 .oo 

19.64 

occur over an 8-year period starting in 1999, is 
divided into capital cost items ($6.8 billion) and 
other construction support activities ($3.2 bil- 
lion). These categories account for 35% and 
16% of the total life-cycle cost ($19.64 billion), 
respectively. Operation ($8.64 billion), which 
occurs over an 18-year period starting in 2007, 
accounts for 44% of the total life-cycle cost. 
Decommissioning ($1 billion), which is assumed 
to occur over a 4-year period starting in 2025, 
accounts for 5% of the total life-cycle cost. 

Table 3 details host and non-host cost-sharing 
assumptions for the reference case. As no 
negotiations have begun, the identification of a 
reference case is purely a study assumption 
without benefit of interactions with the other 
ITER Parties. The Parties - a host and three 
non-hosts -were assumed to share ITER costs. 
For this study, the financial responsibility of 
each non-host Party was assumed to be identical; 
however, as mentioned earlier, other cost-sharing 
arrangements would be possible (e.g., unequal 
non-host shares). As Table 3 shows, the host is 
solely responsible for costs associated with 
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Table 3 HosVNon-Host Cost-Sharing 
Assumptions (Reference Case) 

Non-Host Cost 
Each Pam (%I 

Cost Cateaorv (%) Site Home 
Host Cost At Host At 

Construction - Capital - Building and 100 0 0 

-Tokamak Magnets 25 5 20 

- Assembly 50 17 0 

Structures 

- Tokamak - Other 25 0 25 - Auxiliaries 25 0 25 

Construction - Other - Design and 25 10 15 

- R&D during 25 0 25 
Management 

Construction 

Operation 
- Preparation for 40 10 10 

Operation 
- Tokamak Operation 50 7 10 
- Experiments 25 10 15 

Decommissioning 100 0 0 

buildings and structures as well as with 
decommissioning. All Parties share equally in 
high-technology component costs and activities. 
Non-host costs are divided into two categories: 
costs incurred at home and costs incurred at the 
host site (Figure 2). 

National Analysis 

Objective and Scope. The national analysis 
estimated the relative economic changes that 
would affect the U.S. economy if the nation were 
to participate in the ITER project as either a host 
or non-host Party. The analysis was limited to 
short-term, direct and indirect economic impacts 
that would occur as a result of ITER 
expenditures during each year of the 30-year 
ITER life cycle. The potential long-term benefits 
of ITER and magnetic fusion energy (e.g., spin- 
off technology developments and increased 
energy security) were not addressed. 

Total Life-Cycle Cost: $1 9.64 

f Cost Total (40%) Host \l Home 2 f N 8 t )  (42%) 

Host Cost at 

(in billions of 1994 dollars) 
JPA9602 

Figure 2 Distribution of HosVNon-Host 
Life-Cycle Costs (Reference Case) 

Methodology and Assumptions. The study 
assumed that ITER is funded within the 
U.S. federal budget in one of three ways: 
(1) realigning the discretionary federal non- 
defense budget (reference case), (2)  realigning 
the federal nondefense science and technology 
budget, and (3) providing new (supplemental) 
budget expenditures. Two multisector models 
independently estimated and verified national 
ITER impacts. The analysis compared the 
national economy with and without ITER. 

Results. Figure 3 compares the host and 
non-host budgetary requirements for ITER 
(reference case). Federal outlays over the entire 
project decrease from $7.99 billion if the U.S. 
were the host to $3.88 billion if the U.S. were a 
full-share non-host participant. Expenditures by 
non-host Parties at the host site (primarily for 
labor) would be approximately $2.08 billion. 
Therefore, if the US. hosted ITER, total 
expenditures in the nation would be about 
$10.07 billion. If the U.S. participated as a full- 
share non-host, total expenditures in the nation 
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Figure 3 Comparison of U.S. Host vs. Non-Host Expenditures (Reference Case) 

would be $3.19 billion, although the total 
allocation from the federal budget would amount 
to $3.88 billion. This cost increase occurs 
because U.S. scientists and engineers would 
spend money (estimated at $0.69 billion) at a 
host site outside the U.S. 

Hosting ITER would result in positive short-term 
economic benefits in the US., as measured by 
GDP. The source of funding for ITER is an 
important factor in determining the overall 
magnitude of such benefits. Gross domestic 
product could increase by as much as 
$1.2 billion per year during construction if 
supplemental funds financed the U.S. portion of 
the project. For a realignment of existing non- 
defense federal programs, the short-term increase 
in GDP would fall to approximately 
$200 million per year at its peak. While differ- 
ent in magnitude, neither of these estimated 
impacts on GDP is significant in the context of 
the $7 trillion overall US.  economy. 

If the U.S. were a full-share non-host participant 
in ITER, the GDP would decrease by 
approximately $100 million annually because of 
expenditures outside the U.S. 

The impacts of ITER on national employment 
are minimal relative to the large national labor 
force (estimated in the analysis to be 136 million 
at the start of ITER construction). With 
supplemental funding for the U.S. share, national 
employment could increase by as many as 
8,000 jobs at the peak of construction if the U.S. 
were the host. For a realignment of the federal 
nondefense budget, an increase of about 
1,000 jobs would be expected. During the 
operation and decommissioning phases, the 
increase would be about 2,000 jobs under all 
conditions examined. 

Net exports would generally increase under most 
conditions examined if the U.S. were the host. 
This increase occurs because expenditures by 
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non-host workers in the U.S. (counted as 
exports) are greater than the increase in imports 
due to ITER. The maximum increase in net 
exports for a realignment of existing nondefense 
federal programs is $1 1 1 million per year. 
Similarly, disposable income increases primarily 
because of increased GDP. With su.pplemental 
funding for the U S .  share, disposable income 
increases by $1.79 per capita during peak 
construction. 

If the U.S. were the host, federal tax revenues 
could increase by about $1 billion over the 
30-year project life. If the U.S. were a full-share 
non-host participant, a very slight dampening in 
the U.S. economy could be expected, as 
expenditures were “leaked” to the host country. 
In this case, federal tax revenues could decrease 
by about $600 million over the 30-year project 
life. 

Non-host expenditures in the U.S. (if the U.S. 
were the host Party) are the primary reason for 
the positive short-term economic benefits under 
all conditions examined in the study, except 
when supplemental funds are assumed to be 
available. When such funds are available, they 
add to the short-term benefits of the non-host 
expenditures. 

Depending on the exact cost-sharing 
arrangements among the host and non-host 
Parties, the economic stimulus in the host 
country as a result of visiting scientists could 
total several billion dollars over the life of the 
ITER project. Without this stimulus, the net 
effect of ITER on national employment, for 
example, would be slightly negative because the 
ITER expenditures for labor would go to fewer, 
more highly skilled workers (Le., ITER workers 
would be expected to have higher skill and 
salary levels than those of the average 
U S .  worker). 

Table 4 summarizes the estimates of the 
economic benefits of ITER on the national 
economy. The first number in the ranges of 
estimates corresponds to the case where ITER 
was funded from a realignment of the federal 

Table 4 National Impacts 

+ Hosting ITER would result in small positive 
economic benefits at the national level as 
measured by: 

- GDP ($200 million to $1.2 billion in the 
peak year), 

- Employment (1,000 to 8,000 jobs in the 
peak year), 

- Net exports ($1 11 million to $75 million 
in the peak year), and 

- Disposable income ($0.39 to $1.79 per 
capita in the peak year). 

+ The GDP, employment, and disposable income 
impacts in the peak year represent increases of 
approximately 0.01 Yo over non-ITER levels. 

+ Net exports would increase by 0.5% in the 
peak year if the U.S. were host. 

+ Hosting ITER would increase federal revenues 
by about $1 billion over the 30-year project life. 

+ If the US. were a full-share non-host 
participant, federal revenues would decrease 
by about $0.6 billion over the 30-year project 
life. 

nondefense budget; the second number 
corresponds to the case where supplemental 
funds were assumed. 

LocaVRegional Analysis 

Objective and Scope. The locallregional 
analysis estimated the probable economic 
benefits that would accrue to the local area that 
serves as the ITER site in the U S .  The analysis 
focused on the gross benefits (positive impacts) 
of the project, rather than on the net benefits. It 
measured economic variables, such as local 
output, personal income, and employment. 
Estimates were based on average impacts for a 
range of different size communities (specific 
ITER candidate sites were not examined). As a 
result, the analysis did not include the costs of 
providing additional infrastructure and public 
services to support ITER life-cycle activities and 
new residents. 
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Methodology and Assumptions. The data 
and assumptions used to estimate locaVregiona1 
impacts were consistent with those used in the 
national analysis. ITER labor, equipment, and 
material requirements were translated into 
purchases and sales by economic sector. As in 
the national analysis, a multisector model 
estimated the local benefits of ITER. 

The total project expenditures at the ITER site 
will generally be smaller than at the national 
level because not all materials, equipment, and 
services will be available from local suppliers. 
This concept is illustrated in Figure 4, which 
compares direct ITER spending at the national 
and local levels (reference case). Over the ITER 
life cycle, spending at the local level is 
approximately 40% less than at the national 
level. The portion of direct purchases of 
materials and equipment and direct payments for 
labor that occur in the local area will stimulate 
the economy in that area. 

Results. The 1ocaVregional area that serves as 
the ITER site in the U.S. will benefit 
substantially in terms of new employment, 
personal income, and output. While the benefits 
are likely to differ from the estimates presented 
here because of variations in local economies, 
the average benefits will probably be significant. 

Direct employment at the ITER site (host and 
non-host workers) during construction, 
operation, and decommissioning would peak at 
approximately 4,400, 1,400, and 2,000 workers, 
respectively. Host workers would make up 52% 
to 71% of all ITER workers during construction 
and 54% during operation. Host ITER workers 
would be solely responsible for decommission- 
ing activities under the reference case. 

The total benefits of ITER in a localhegional 
area would extend beyond direct employment at 
the ITER facility. Additional benefits would 

+ Total Direct Spending in the Local Area 

UI 
c. 100- 
s? 
3 

0 
--Total Life-Cycle Direct Spending in U.S. : $10.1 Billion; in Local Area: $6.1 Billion- .- 

0 I l l  i h A k !i 6 f Q b 110111 112i3i4i5i16i5i18ib2o2112h252k2!52’~217h3d9: 
Year (Construction: 1-8; Operation: 9-26; Decommissioning: 27-30) 

JPA9604 

Figure 4 Direct Spending in the US. and Local Area (Reference Case) 
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accrue from “secondary” or indirect employ- 
ment in the local area. Table 5 summarizes the 
estimates of the economic benefits of ITER on 
the local economy that hosts ITER. 

The production of firms and industries at the 
ITER site would also increase substantially 
because of direct sales to the ITER facility and 
purchases by ITER-related workers. The increase 
in local area total output would peak at about 
$690 million per year during construction, 
increase by approximately $240 million each 
year during operation, and climb to more than 
$450 million per year during decommissioning. 
As shown in Table 5,  new output would increase 
by more than $10 billion over the life of 
the project. 

Personal income at the host site would increase 
dramatically because of direct wages paid to 
ITER workers by both host and non-host 
countries and by the additional wages paid to 
indirect workers. Local area personal income 
would increase by more than $5 billion over the 
life of the project, peaking at about $380 million 
per year during construction. 

A number of additional positive impacts are 
likely to occur in the location that hosts ITER 
that have not been measured in the analysis. 
These impacts include an expansion of the local 
tax base, improved infrastructure and public 
services, and increased industrial development 
(including new high-technology firms). 

Observations and Significant Issues 
The motivation for U.S. participation in ITER - 
as either host or non-host Party - cannot be 
based on the short-term economic benefits 
derived from funds expended on the ITER 
project. Rather, the fundamental motivation for 
supporting ITER rests on future economic and 
environmental conditions; the potential for 
abundant commercial fusion energy; and the role 
ITER can play in moving toward the goal of 
safe, economical, and environmentally 

able 5 LocaVRegional Impacts 
+ The local economy that hosts ITER would 

receive substantial benefits: 

- More than 11,000 jobs would be created in 
the peak construction year, nearly 4,000 
during operation, and almost 7,000 during 
decommissioning. - ITER would create more than $5 billion in 
additional personal income and more than 
$1 0 billion in new output in the local 
economy during the life of the project. 

+ The absolute benefits of the ITER project would 
be less in an area with a smaller economy than 
in an area with a larger economy because a 
larger proportion of expenditures would likely 
be made outside the local area. 

+ The relative benefits of the ITER project would 
be smaller in large urban areas in comparison 
to small urban areas. 

acceptable commercial fusion power. The short- 
term economic benefits from participation in 
ITER - as described in this summary - are 
only part of the overall calculus that must be 
employed when considering the merits and 
direction of U.S. participation in the ITER 
program. 

A comprehensive comparison of all the benefits 
of hosting or not hosting ITER could include 
such factors as the likelihood that service, 
supply, and spin-off companies might spring up 
near the ITER site. Other factors that could be 
considered are national prestige, the relative ease 
of supporting U.S. industry interest in fusion, the 
likelihood of technology transfer to 
U.S. industry, and the relative impacts on the 
U.S. fusion scientific/engineering and high- 
technology infrastructure. 

If the U.S. were to host ITER, significant 
positive benefits would probably occur in some 
or all of the aforementioned areas. However, the 
magnitude of such potential benefits clearly 
depends on the cost- and technology-sharing 
arrangements among the host and non-host 
Parties. 
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The U.S. would benefit to a similar degree as a 
non-host participant in ITER. For example, 
scientifidengineering information would be 
shared, and US. fusion-related industries would 
gain R&D, construction, and operational 
experience. 

Significant savings could also be gained through 
'joint cooperation in the ITER program. Without 
such cooperation, the cost of construction, 
operation, and decommissioning would be 
approximately $20 billion. Hosting ITER could 
reduce this life-cycle cost to a single Party to 
approximately $8 billion (reference case), while 
preserving the overall level of expected benefits. 
While the short-term benefits to the national 
economy are minimal, local regions and future 
generations could realize significant benefits. A 
further reduction in life-cycle cost to about 
$4 billion (reference case) is possible if the U.S. 
were one of three full-share non-host 
participants. 

While a number of cost-sharing arrangements are 
possible, including varying the number of ITER 
Parties and their contributions, the general trends 
of small positive impacts at the national level 
and substantial positive impacts at the 
1ocaVregional level would be expected if the 
U.S. were host. Similarly, if the U.S. were one 
of the non-host Parties, the same general national 
economic trends of small negative impacts 
would apply. 
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