Introduction
“There exist limitless opportunities in every industry.
Where there is an open mind, there will always be a frontier.”
- Charles F. Kettering
Five decades ago, putting a man into space was
thought an impossible task. Several years ago, private
spaceflight and commercially viable spaceports were
also considered impossible developments. The era of
government-dominated space activities is now being
augmented by private ventures and public-private
partnerships. Although in its infancy, the market for
spaceports is emerging as a promising enterprise.
The number of proposed spaceports around the world
aiming to service commercial space tourism and
other industries indicates a future market that may
be highly competitive. Technologies for commercial
spaceflight have been demonstrated in recent years
and several companies are independently developing
space access vehicles and spacecraft. Beyond
these technological developments and infrastructure
investments, assessing the commercial viability of
spaceports is of paramount importance.

1

Introduction
Project Overview

The Future Infrastructure for Space Transportation (FuturIST) report
is a statement of progress, investigating the commercial viability of
spaceports, as they are the necessary infrastructure for personal
spaceflight. This report presents interdisciplinary research findings
related to spaceport development and operation and the Spaceport
Evaluation Mechanism (SEM) compiled by forty-one participants from
eleven nations over a nine week period.

Mission Statement

Our mission is to investigate and recommend criteria for commercially
viable spaceport infrastructure and operation for the civilian space
transportation and tourism industries.

Project Scope

This project defines requirements for, and develops a mechanism to
evaluate the commercial viability of a spaceport. An analysis of existing
spaceports determines a set of evaluation criteria for other spaceports.
These criteria are used to evaluate a potential spaceport near Lleida,
Catalunya, Spain. The project does not attempt to design a spaceport.
It makes recommendations pertaining to the commercial viability and
sustainability of spaceport infrastructure and operation that support
civilian space transportation and tourism.

Novel Definitions Developed by FuturIST
SPACEPORT : An area of land or water that is used or intended to
be used for the launch and recovery of space access vehicles, and
includes its buildings and facilities, if any.
COMMERCIAL VIABILITY : The ability of the spaceport to facilitate the
space mission goals of all potential customers while operating under
reasonable present and future market conditions.
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Methodology

Seven key research areas were identified: technical infrastructure;
public facilities; business and commercial; policy and law; safety
and security; medical and training; and geography, environment
and community. In addition, industry experts were consulted and
a potential spaceport co-located with the Alguaire airport, currently
under development in Lleida, Spain, was visited. This led to the
development of an evidence-based set of requirements that were
consolidated into the Spaceport Evaluation Mechanism (SEM). The
SEM criteria were tested for relevance by applying the Mechanism
to two existing spaceports: Mojave Air and Space Port, California,
USA, and Centre Spatial Guyanais, Kourou, French Guiana. The
SEM was then applied to a case study of a potential spaceport in
Lleida, Spain. Recommendations were made to achieve the desired
requirements for spaceport infrastructure and operation.
During the course of the project, several assumptions were made.
The first is that spaceports can be commercially viable, either
currently or in the near future. Second, the use of the SEM is broad
in nature and can be applied to all spaceports. Furthermore, the SEM
should be viewed as the first published version of the mechanism
and used with a clear understanding of its benefits and limitations.
The conclusions of the evaluation are subject to the accuracy of the
information gathered. Updates to the SEM are encouraged in the
future.
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BUSINESS & COMMERCIAL

Seven Key Research Areas
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The development and operation of spaceports can be an
indicator of the economic interest and financial impact that
spaceports can deliver. There are many considerations in
analyzing the commercial viability of a prospective spaceport,
from understanding the customer base, to the type of orbit
being offered by the space access vehicle operator. It is
possible to focus on commercial launches, suborbital transit,
orbital launches, or point-to-point transportation. With a
large number of spaceports being constructed today it is
recommended that at least one letter of intent be signed with a
commercial vehicle operator in the early stages of a spaceport
business development and operation.
Additionally, a particular demographic may be targeted
for space tourism. Creating multiple sources of revenue is
paramount to the financial health of the spaceport. These
revenue streams may include products and services as well
as space and terrestrial tourism opportunities. As with any
business, care should be taken in assessing the financial risks
and liability to establish appropriate contingency plans.

Technical Elements of Spaceport Infrastructure

Other important aspects of spaceport infrastructure
include the need for an uninterrupted power supply, a
safe means for storing and handling propellant, and
an efficient and viable air traffic management system.
It is necessary to create some technical standards for
spaceports to operate efficiently and accommodate all
types and sizes of space access vehicles.

TECHNICAL INFRASTRUCTURE

The key technical requirement for the development of
spaceport infrastructure is to ensure safe and reliable
access to space. The type of space access vehicle,
propulsion method, and the launch and recovery modes
determine the requirements for the infrastructure. This
infrastructure includes runways, launch pads, assembly
buildings, and the number of personnel required for
operations. Redundancy must be built into the spaceport
system to increase its reliability. These systems would
also maximize safety and minimize the turnaround time
needed between launches.

5

PUBLIC FACILITIES

In addition to providing space access vehicle operators
with the necessary infrastructure to launch, recover, and
maintain their vehicles, a spaceport operator must identify
the requirements of additional users of a spaceport. Space
flight participants, spaceport tourists, employees, and other
users will require food, accommodation, sanitation and
entertainment facilities. The development of innovative
ideas that create a unique experience for terrestrial tourists
can make a spaceport more than just a place to launch and
recover space access vehicles. These facilities may also
generate additional sources of revenue for the spaceport
operator.

POLICY & LAW

Seven Key Research Areas

Understanding the policy and legal environment in which
a spaceport will function is imperative if one intends
to create a business enterprise that is commercially
viable. There are a number of international treaties and
agreements applicable, in addition to supranational,
national, regional and local frameworks that regulate
and legislate spaceport activities. The most advanced
regulatory framework currently in place is in the United
States, where the Federal Aviation Administration’s
Office of Commercial Space Transportation has begun to
directly address regulations for spaceports, which they
refer to as launch and re-entry sites.
A logical approach to the creation of necessary regulations
is to start by examining the civil aviation polices with
respect to their potential application to human spaceflight.
This is a strategy that will likely be used around the world
to develop the policies needed to safely and legally
operate spaceports.
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SAFETY & SECURITY

Safety requirements for spaceports must be met to maintain
the health and safety of spaceport personnel, spaceflight
participants, the facilities, and the general public. Each
phase of a space flight mission presents its own potential
set of hazards, which may relate to ground, air space, and
space access vehicle safety. Hazards must be identified,
understood, and mitigated to ensure that launch and
recovery operations will not pose an unacceptable threat to
the public or community.
A spaceport operator must clearly define levels of security
to protect the public and address its liability with the launch
operator assets. The determination of security procedures
for the spaceport depends on the type of accessibility a
spaceport adopts: either an open-access or restrictedaccess model. The facility security should clearly define
restricted access areas and authorized personnel.

7

GEOGRAPHY, ENVIRONMENT & COMMUNITY

Seven Key Research Areas
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Identifying a suitable geographical location, including
global coordinates, launch direction, local terrain,
weather and natural disasters, is the critical first step
when selecting a spaceport location.
A spaceport developer must then seek the consent
and cooperation of local communities. Adoption of an
ethical communication strategy including education
and outreach will engage the community and build a
trusting relationship. Furthermore, the spaceport must
demonstrate corporate social accountability through
a transparent effort to hire and draw upon skills and
knowledge of local and regional people.
Spaceport development will have significant economic
impact on local communities. Such impact includes new
jobs for people in the area, increased global profile of
the community, and a potential increase in the cost of
living.
Spaceports must ensure the protection of local
environmental resources. National, regional and local
environmental laws must be consulted to develop a plan
to protect the local wildlife. Furthermore, the spaceport
should mitigate damages caused by pollution by
offsetting greenhouses gases and by using renewable
power resources.

The main components of emergency response include onsite emergency medical services, rapid communications,
and the means for search, rescue, and transfer of patients
to a definitive care facility. Providing communications
for in-flight medical monitoring of the heart rate, blood
pressure, and respiratory rate of spaceflight participants
is required. This will provide the ground support teams
with the necessary early warning indicators to provide
an immediate emergency medical response.

MEDICAL & TRAINING

The health, safety, and training of all spaceport visitors,
space flight participants, space flight crew, and ground
crew are of paramount concern when designing a
spaceport. On-site medical facilities are critical to
supporting the day-to-day activities of a spaceport.
Primary spaceport medical support consists of preventive
medicine, occupational medicine, and emergency
medical services. The use of potentially volatile and toxic
fuels emphasizes the need for an effective emergency
medical response team.

A spaceport operator should also have protocols in place
to ensure confidentiality amongst the spaceport operator,
launch operators, and passengers. The spaceport needs
to provide the necessary facilities and infrastructure to
enable the launch operator to adequately assess the
medical and training readiness of the passengers, flight
crew, and ground crew as they prepare to support and
participate in orbital or suborbital flight.
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Criteria and Procedures for Evaluating a Spa

The development of the Spaceport Evaluation Mechanism was based
on interdisciplinary requirements. The SEM has been developed to
help determine the commercial viability of a given or prospective
spaceport, and to assist the spaceport in optimizing this viability. The
mechanism identifies a set of fifty-eight criteria based on seven critical
areas discussed previously.

Each user of the SEM can assess the commercial viability of any
given spaceport by sequentially reviewing the spaceport against
each interdisciplinary evaluation criterion. Each criterion is answered
qualitatively as Sufficiently Fulfilled (SF) or Insufficiently Fulfilled
(IF), and they are weighted equally. Insufficiently fulfilled criteria will
generated suggested recommendations for improvement. A question
may be answered as Potentially Fulfilled (PF) if the spaceport has
demonstrated that a given requirement is in the process of being
fulfilled, however in this case, the evaluation should be revisited at a
later time. Should sufficient data not be available for the evaluation
of a particular criterion it will be answered as Not Evaluated (NE).
Additionally, criteria deemed critical to a spaceport’s viability are
identified with a red flag. Due to time restrictions in the completion of
this mechanism, this report accepts both the benefits and limitations
of the mechanism and its applications. As such, further advancements
of the mechanism including statistical analysis and a scored weighting
system to be developed in future years, are encouraged.
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aceport – Spaceport Evaluation Mechanism
To verify the SEM, the mechanism was applied to two operational spaceports, namely,
Mojave Air and Spaceport, California, USA, and Centre Spatial Guyanais, Kourou,
French Guiana.
The two spaceport models are very different in their purpose, structure and operation.
For example, one is privately owned and operated whereas the other is operated by
national and international intergovernmental bodies. In addition, they both cater to
different markets.
For Kourou, the SEM highlights the possibility and desirability of new markets and
additional revenue streams. In relation to Mojave, based upon the information attained,
the SEM illustrated the value of additional facilities to assist human spaceflight.

SEM was used to assess the commercial viability of a potential spaceport to be colocated with the Alguaire airport, currently under construction in Lleida, Spain. Using
SEM, recommendations to achieve desired requirements for spaceport infrastructure
and operation, were made.

The following table provides a subset of the full list of fifty-eight criteria developed to
evaluate proposed and existing spaceports:
Reference
Number
1
.
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Criterion

Description

Have basic business plan There are many spaceport-specific business asareas been addressed?
pects to be addressed, however, there are certain
attributes that all businesses have in common.
Is the spaceport well situated geographically to access the orbits/sub-orbits
which are desirable to the
targeted market?

A geographic area determines orbits which are
accessible and can reduce costs by having an
optimum launch location.
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Lleida is one of the most important economic inland centers
in Catalunya. It is located in one of the most fertile and
productive areas of Europe, and has a population of over
125,000. It is near both the Pyrenees and Barcelona.
Business development in Lleida is supported by the
Catalan Government, creating an ideal situation for entry
of new industries. The Alguaire Airport, under construction
in Lleida, is a possible site for potential spaceport
development. Alguaire Airport is to be operated by the
Catalan Government.
The Catalan Government is promoting a new business plan
for the airport to improve the economy of the area. A new
law was established to simplify the processes of planning,
management and control of the airports and heliports, and
a new model for public airports has been developed.
The interest in economic and technological growth and
focus on innovative development influenced our decision to
study the potential development of a spaceport in this city.
Suborbital space tourism has the potential to be a major
emerging market for the space industry in the upcoming
years. Lleida is in a good position to cater to this market
due to the support of the Catalan Government as well as
the location and existing tourism market in the area.
The SEM application to the potential spaceport co-located
with the Alguaire airport, currently under development in
Lleida, Spain, follows.

Lleida, Catalunya (Spain)

PRESENTATION OF LLEIDA

Lleida Case Study
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The airport is located in a geographically suitable location for spaceports.
The airport is easily accessible, located in an area with exemplary tourism infrastructure
with significant capacity for expansion.
The airport requires upgrading of infrastructure like runways to support space access
vehicles to meet horizontal take-off and landing.
A detailed financial analysis of the revenue and investments is required to co-locate
the spaceport operation with airport operations.
A national agency should be created to develop regulations for space activities in
Spain including issue of licenses, supervising spaceport activities and representing
the interface with the broader international space community.
Establishment of on-site facilities to meet the training, medical and residential
requirements for spaceflight participants are essential.
A propellant storing, monitoring and dispensing plan should be worked out with an
eye on safety. Use of non-toxic propellants should be encouraged.
Careful evaluation and appropriate action on environmental and community concerns
including noise and air pollution and corporate social accountability is essential.

Barcelona

The accuracy of the SEM analysis depends on the information available at the time
of evaluation. It is recommended that SEM be re-applied when sufficient information
becomes available.

APPLICATION OF SEM TO LLEIDA

The mechanism was applied to the potential spaceport in Lleida to assist developers in the
achievement of the desired requirements for space port infrastructure and operation:

m
k
50
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Conclusion & Recommendations
The FuturIST team developed a generic mechanism, Spaceport Evaluation Mechanism
(SEM), for the qualitative assessment of existing/future spaceports. This mechanism is aimed
at entrepreneurs, investment banks, government entities and spaceport operators. This will
be useful and effective in gauging the commercial viability of spaceports for civilian space
transportation and tourism industries. SEM will also provide a sound rationale for their future
development.

Based on the application of this mechanism to two major existing spaceports and a specific
case study on a potential spaceport near Lleida in Catalunya, Spain, the FuturIST report
recommends the following :
1. A comprehensive evaluation of the different types of the space access vehicles and their
requirements like orbits, propulsion technologies and launch/recovery modes should be
carried out before establishing the technical infrastructure.
2. Development of an air traffic management system, focusing on standardization and interoperability for integrated aircraft and space vehicle operations should be a priority.
3. Development of spaceport facilities to meet the requirements of spaceflight participants,
their families, terrestrial tourists and spaceflight operators is imperative, with a focus on
multiple revenue streams.
4. Realistic market analysis to be carried out with one or two guaranteed space vehicle or
spaceline operators to ensure the commercial viability.
5. Due to the inherent risks associated with spaceflight and the handling of hazardous
materials like propellants, implementation of a comprehensive safety and security plan
based on a risk assessment, is paramount.
6. On-site medical facilities with personnel trained specifically in the health issues related to
spaceflight are essential.
7. Environmental policies and a corporate social accountability plan, specific to human
spaceflight, must be in place.
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With the promise of suborbital tourism in the near
future, as well as growth in space access, the market for
spaceports is becoming potentially viable. Therefore,
the ability to assess the potential for commercial
viability for a given spaceport design has become a
very important issue.
A generic mechanism (SEM) with high-level criteria
applicable to several types of spaceports was
developed to make the evaluation process efficient
and easy-to-use. Seven key research areas :
technical infrastructure; public facilities; business
and commercial; policy and law; safety and security;
medical and training; and geography, environment and
community were identified to support this mechanism.
In the current iteration of the SEM, a weighting
system, derived from full statistical analysis was not
adopted. The use of a weighting system would allow
the criteria to be targeted to different audiences. A
full scoring method could more accurately assess
how well a spaceport meets the stated requirements.
Development of a software interface for SEM would
promote easier accessibility to industry users. These
future advancements to SEM are encouraged.
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