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The 2008 Space Studies Program of the International Space University was hosted by the 
Ajunamente de Barcelona and Barcelona Aeronautics & Space Association at the Universitat 
Politècnica de Catalonia. 
 
 
The cover page of this report envisions the private space transportation as a reality. A private 
space passenger is ready for boarding with her luggage. The suitcase shows stickers from past 
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stands watching a launch of a spacecraft from a potential spaceport, with an architecture 
inspired by Seattle Space Needle and the light concrete shells architecture by the Spanish 
architect Felix Candela. In between, the first private spacecraft that reached 100km altitude, 
Space Composite's Space Ship One with the White Knight, stands for all the future space 
access vehicles that will realize the dream of private space transportation. 
 
 
FuturIST’s logo shows a flying suitcase standing for human transportation and travel, being 
pushed by all the members of the team, represented by their country flags. The flight starts 
from the potential future Lleida Spaceport, and gets off the world beyond the Moon to the 
stars. Different stickers will be added to the suitcase as this journey progresses. Currently, the 
first and only sticker on the suitcase is the one representing the ISU SSP08 in Barcelona, 
Catalonia. 
 
 
Additional copies of the Executive Summary, Report and project CDs may be ordered from 
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at http://www.isunet.edu 
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 Abstract 

 
 
Commercial spaceports are being established around the world to tap the potentially 
lucrative market of future civilian space transportation and space tourism. The goal of the 
FuturIST report is to establish business, technical, and regulatory criteria to evaluate existing 
and future spaceports’ commercial viability and sustainability of infrastructure and 
operations. The FuturIST team has developed a Spaceport Evaluation Mechanism (SEM) to 
assist spaceport developers and operators in the evaluation of the commercial viability of 
spaceports. This mechanism identifies a set of criteria based on inter-disciplinary 
requirements such as technical infrastructure facilities, business and commercial, policy and 
law, safety and security, medical and training, and geography community and environment. A 
qualitative evaluation of a spaceport can be performed using these criteria and is organized 
into four categories. Mojave Air and Space Port, California, USA, and Guiana Space Center 
Spaceport, Kourou, French Guiana, were selected to verify and validate the Spaceports 
Evaluation Mechanism. SEM was applied to the case study of a potential spaceport near 
Lleida in Catalonia, Spain. Finally, the report provides details and recommendations from 
each research area and identifies directions on how SEM could be upgraded to realize its true 
potential.  
 
 
 
 
 
 

________________________ 
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____________________________________ Chapter 1 

1 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 potential 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. In 
response, this report presents interdisciplinary research findings related to this issue, and the 
Spaceport Evaluation Mechanism (SEM) compiled by forty-one participants from eleven 
nations over a nine week period. 

1.1 Project Overview 
The Future Infrastructure for Space Transportation (FuturIST) interdisciplinary report is a 
statement of progress, investigating the commercial viability of spaceports, as they are the 
necessary infrastructure for personal spaceflight. The FuturIST report presents two novel 
definitions. A “spaceport” is defined as:  
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. 
 
The concept “commercial viability” of a spaceport is defined as:  
The ability of the spaceport to facilitate the space mission goals of all potential customers while operating under 
reasonable present and future market conditions.  
 
The SEM is designed to assist spaceport developers and operators around the world, in their 
determination of commercial viability. This is an innovative mechanism that can be applied 
to any potential spaceport in any location. The SEM is unique due to its international, and 
interdisciplinary focus and scope, drawing from research and expertise in key areas. 

1.2 Mission Statement  
To investigate and recommend criteria for commercially viable spaceport infrastructure and 
operation for the civilian space transportation and tourism industries.  

1.3 Project Scope 
This project shall define requirements for and develop a mechanism to evaluate the 
commercial viability of a spaceport. An analysis of existing spaceports shall determine a set 
of evaluation criteria for such a spaceport. These criteria shall evaluate a potential spaceport 
near Lleida, Catalonia, Spain. The project shall not design a spaceport. It shall make 
recommendations pertaining to the commercial viability and sustainability of spaceport 
infrastructure and operation that support civilian space transportation and tourism.  
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1.4 Methodology 
An extensive literature review on issues relevant to spaceports resulted in the identification 
of seven key research areas: technical infrastructure; facilities; business and commercial; 
policy and law; safety and security; medical and training; and geography, community, and 
environment. In addition to this research, consultations with industry experts and a site visit 
to Lleida, led to the development of an evidence-based set of requirements. These 
requirements were consolidated and refined 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 in California, USA, and Guiana Space Center 
in Kourou, French Guiana. The SEM was then applied to a case study of a potential 
spaceport in Lleida, Catalonia, 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 mechanism was developed by forty-one 
participants from eleven nations during a nine-week intensive period. The conclusions of the 
evaluation are subject to the accuracy of the information gathered. Updates to the SEM are 
encouraged to reflect the emergence of advanced technology, new experiences gained, and 
the evolution of society’s acceptance of civilian spaceflight and commercial space 
transportation. The qualitative criteria can be further advanced using statistical analysis and a 
weighted scoring system in future years.  

1.5 Report Structure 
Chapter 1 introduces the FuturIST concept, mission statement, project scope, methodology, 
report structure, and intended audience. 
Chapters 2 to 8 identify and discuss interdisciplinary requirements for spaceports, divided 
into seven key areas: technical infrastructure; public facilities; business and commercial; 
policy and law; safety and security; medical and training; geography, community, and 
environment. Research in these areas directly led to the criteria discussed in chapter 9. 
Chapter 9 presents the criteria necessary for evaluating the commercial viability of 
spaceports. These criteria form the basis for FuturIST Spaceport Evaluation Mechanism. For 
verification purposes, the SEM is applied to two existing spaceports: the Mojave Air and 
Space Port in California, the United States, and Guiana Space Center in Kourou, French 
Guiana.  
Chapter 10 presents an applied case study of potential spaceport in Lleida, Spain. In addition 
to an overview of Lleida, the SEM is applied and specific recommendations for Lleida 
spaceport developers are presented.  
Chapter 11 contains recommendations for future improvements of SEM and general 
conclusions.  

1.6 Intended Audience 
This report is intended for entrepreneurs, investment banks, governmental entities, and 
spaceport developers and operators. These members, representing distinctive elements of the 
space industry, with differing motives for advancing spaceports, will find herein an 
interdisciplinary discussion of aspects relevant to spaceports. This report presents current 
information available on spaceports, identifies areas for development, and introduces an 
Evaluation Mechanism to fill the gaps. Application of the Mechanism is intended to result in 
a comprehensive evaluation and a set of recommendations for any given spaceport. 
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____________________________________ Chapter 2 

2 Spaceport Technical 
Infrastructure 

The present technical infrastructure in government-owned spaceports is not sufficient for 
the requirements of average human space flight participants. Hence, commercial spaceports 
are being established by private sector and through public-private partnerships. This section 
provides background information on requirements and research areas related to spaceport 
infrastructure and will be organized based on spaceport application. A spaceport that focuses 
on sub-orbital flights will be very different from one that focuses on orbital flights. The two 
types of spaceports will have different optimal locations and different facilities. They will also 
cater to different types of Space Access Vehicles (SAVs) with different propulsion 
technologies. This section will address these infrastructure differences. It will address 
required installations and utilities while considering the needs of ground operation. 

2.1 Sub-orbital Flights 
Sub-orbital flights will primarily be used for space tourism or point-to-point transportation 
of human passengers or cargo. These flights can co-exist with existing air traffic to minimize 
the impact on current air infrastructure. Table 2.1 lists the requirements and the associated 
technical infrastructure factors necessary for sub-orbital flights. 
Table 2.1 Sub-orbital requirements 

Ref 
No 

Requirement Determines 

1.  Location of the spaceport in a 
populated area or isolated area 

Type of SAV, propulsion, noise levels and 
weather 

2.  Existing infrastructure (like airport 
facilities) 

How much extra infrastructure needs to be 
added 

3.  Uninterrupted power Need for on-site power generation and back-up 
power facilities 

4.  Launch (Take-off)/Recovery 
(Landing) modes 

Runway and launch pad requirements with 
respect to the number and dimensions 

5.  Safety Number of engines in the SAV 

6.  Area of spaceport How many must-have facilities need to be 
incorporated 

7.  Co-existence with air traffic Mode of air traffic control 
 
Government space programs have often focused on technology aspect and not the 
reusability of vehicles. For commercial applications such as space tourism, frequent flights 
are necessary. Hence, to bring down launch costs, reusability is a priority (Nagatumo 2000).  
 
Table 2.2 presents a survey of sub-orbital vehicles which exist or are under development 
through 2008. This table is adapted from the information provided in Pelton 2007 and 
Sedhouse 2008. 
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Table 2.2 Sub-orbital space vehicles and spaceports 

Name of the company 
(vehicle name) 

Propellant Mode Launch Site 

Aera Space (Altairis) Liquid 
LOX/Kerosene VTHL Cape Canaveral  

Armadillo Aerospace 
(Black Armadillo) 

Liquid 
LOX/Ethanol VTVL White sands, 

New Mexico 
Blue origin (New 
Shepherd) 

Hydrogen 
peroxide/Kerosene VTVL Culberson County, 

Texas 

EADS Spaceplane Liquid 
LOX/Methane VTHL Toulouse, France 

Rocket plane (XP) Liquid  
LOX/ Kerosene HTHL Oklahoma  

Virgin Galactic 
(SpaceshipTwo) 

Hybrid 
Neoprene /Nitrous Oxide HTHL Mojave Air and 

Space Port 
Space adventures 
(Explorer space plane C-
21) 

Liquid  HTHL
Space ports 
including Singapore, 
Dubai 

SpaceDev (Dreamchaser) Hybrid 
Neoprene /Nitrous Oxide VTHL To be decided 

XCOR aerospace (Sphinx) Liquid 
LOX /Isopropyl alcohol HTHL White sands, New 

Mexico 
 
SAV propulsion technologies include solid, liquid and hybrid. Hybrid propulsion systems, 
similar to that used in SpaceShipOne, are considered to be the safest (Sarigul-Klijn & Sarigul-
Klijn 2003). These systems use a liquid oxidiser such as nitrous oxide and a separate solid 
fuel grain like rubber, wax or plastic. Hybrid engines can be fabricated, stored and operated 
without any possibility of explosion or detonation (US Dept. of Transportation 1988). Solid 
propulsion systems have the highest probability of catastrophic failure and are not 
recommended for passenger vehicles. Liquid engines are known to have a lower rate of 
catastrophic failure (Sarigul-Klijn  & Sarigul-Klijn 2003). Rocketplane uses combined rocket 
(liquid) and jet engines (Seedhouse 2008), but this has the disadvantage of a reduced payload 
capability. 
 
The configuration of the SAV can determine acceptable spaceport locations. There is a 
possibility of falling debri from multi-stage SAV. Hence, they  are not an option for 
spaceports in populated areas due to restrictions from governments and other regulatory 
bodies. In these areas, single-stage vehicles are the only option. 
 
The launch and recovery modes can determine runway requirements and turn-around time. 
The four potential sub-orbital candidate architectures are (1) horizontal take-off, horizontal 
landing (HTHL), (2) vertical take-off with aerodynamic decelerator parachutes or parafoils 
(VTVL), (3) air launch, and (4) vertical take-off, horizontal landing (VTHL) (Sarigul-Klijn & 
Sarigul-Klijn  2003). 
 
HTHL mode was proposed by most Ansari X-PRIZE contestants and requires longer 
runways and turn-around times (Sarigul-Klijn & Sarigul-Klijn 2003). Rocketplane is planning 
to use the Oklahoma spaceport since it has one of the world’s longest runways (Webber 
2005). Recovery methods like parachutes, parafoils, or balloons have faster turn-around 
(Sarigul-Klijn & Sarigul-Klijn 2003) 
 
Air launch SAVs differ very little from conventional airplane during take-off. For air launch, 
a rocket powered vehicle is carried by aircraft or balloon to a launch altitude before ignition 
(Sarigul-Klijn & Sarigul-Klijn 2003). This mode has advantages if the spaceport also 
functions as an airport catering to regular air traffic, but requires a supplementary carrying 
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vehicle and therefore additional storage and transportation infrastructure.  
Sarigul-Klijn et al. (2003) believe a single-stage VTHL vehicle with multiple hybrid engines is 
the preferred vehicle configuration based on safety, affordability, profitability and customer 
acceptance. Furthermore, the Japanese Rocket Society (JRS) space tourism study program 
suggested VTVL was the minimum risk approach (Nagatomo 2000). Vertical take-off 
requires infrastructure for pad hold down to hold the vehicle for a small duration to detect 
potential engine failure before lift-off (Sarigul-Klijn & Sarigul-Klijn 2003). However, vertical 
take-off is not without risk. If there is just a single engine, any failure during the first few 
seconds of flight could result in the destruction of the vehicle. On the other hand, a cluster 
of engines provides redundancy (Seedhouse 2008). Table 2.3 shows a list of the 
launch/recovery modes and the bearing they have on infrastructure requirements. 
Table 2.3 Launch/recovery modes and infrastructure requirements 

 Mode Infrastructure 
1. HTHL Sufficiently long runway 

2. VTVL 
Pad hold down 
Slow turn around depending on recovery (balloon or water landing) 
Less safe 

3. VTHL 
Long run way 
Pad hold-down 
Requires more than one launch pad 

4. Air launch Less infrastructure on launch site 
Custom aircraft required 

2.2 Orbital Flights 
Orbital spaceflight has higher risks associated with it and the energy to reach orbit is larger 
than that required for sub-orbital flights. Multi-stage vehicles are required, probably 
restricting the location of the spaceport to an isolated area or near the ocean due to the 
possibility of debris falling during stage separation. Table 2.4 identifies the requirements for 
orbital flight and the consequences of each requirement. 
Table 2.4 Orbital requirements 

 Requirement Consequence 

1. Higher energy 
Multiple stage rockets 
Space port should be in isolated area (depending on debris 
analysis) 

2. Higher safety 
requirements 

Fail safe abort procedures 
High reliability engines 
Reliable thermal protection systems during re-entry 

3. Launch/Recovery 
modes 

VTVL 
Air launch with very large aircraft 

 
Most present orbital vehicle configurations use a launcher that deploys the capsule in a 
parking orbit. Examples include the Space-X (Falcon 9) and the Rocketplane K-1 (Kistler), 
which have a first stage with three hybrid engines and use a Launch Assist Platform 
(Seedhouse 2008). The Dreamchaser from SpaceDev uses an Atlas V launcher (Seedhouse 
2008). The t/Space from Transformational Space Corporation is an exception and does not 
use a launcher (Seedhouse 2008). Instead, it uses a custom-designed Very Large Aircraft 
(VLA) to air drop its Crew Transfer Vehicle (CXV). This reduces the energy requirement 
and also provides safe abort modes during the critical first seconds of the flight (Seedhouse 
2008). Table 2.5 provides details of the space vehicles under development. These vehicles 
have the potential, perhaps as part of NASA’s Commercial Orbital Transportation Services 
(COTS), to replace the aging space shuttle and to ferry passengers/cargo to ISS. These could 
also dock with future orbiting space hotels. This table is adapted from the information 
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provided in Pelton (2007). 
Table 2.5 Commercial Orbital Space Vehicles and Spaceports  

Name of the company 
(vehicle name) 

Mode Propellant Launch Site 

SpaceDev 
(Dreamchaser) 

VTHL 
 

Hybrid 
Neoprene / Nitrous 

oxide 
To be decided 

Space Exploration 
Technologies (Falcon 9 

& Dragon) 
VTVL Liquid 

LOX/Kerosene Cape Canaveral 

Transformation Space 
Corp. (AirLaunch/ 

CXV) 
VTVL Liquid 

LOX/Propane To be decided 

Triton system (Stellar J) HTHL Liquid 
LOX/Kerosene To be decided 

Wickman spacecraft & 
Propulsion (SHARP 

space plane) 
VTHL Solid 

Ammonium nitrate To be decided 

K-1 Rocketplane 
Kistler VTVL LOX Kerosene To be decided 

 
The infrastructure facilities required for orbital spaceflight include all the facilities in today’s 
launch pads. Table 2.6 identifies the infrastructure requirements for orbital spaceflights. 
Table 2.6 Infrastructure requirements for orbital spaceflight 

 Requirement Infrastructure 

1. Vertical takeoff 
Air launch 

Pad hold down 
Very Large customized aircraft 

2. Parachute recovery 
More personnel and facilities required for recovering the 
capsules 
High reliability engines 

3. Isolated launch pads Build accessibility 
Build transport facilities 

4. Launch friendly 
weather Weather monitoring station 

5. Multiple stages 

Integration buildings 
Test facilities are good or better than today’s launch pad 
facilities. 
Facilities are required to recover the reusable first stage of 
SAV 

6. Safety 

High number of personnel required for range safety and 
passenger safety 
Fail safe abort procedures 
Close inspection of thermal protection systems 

2.3 Installations and Utilities 
All spaceports, irrespective of the type of the orbit, require installation facilities and utilities 
associated with vehicle maintenance, uninterrupted operations, and passenger safety and 
comfort. Table 2.7 gives a list of the must-have facilities required for a spaceport. 
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Table 2.7 List of installations and utilities required at a spaceport  

Infrastructure Remarks 
Launch pad 
capability 

The launch pad must allow propellant fuelling of the craft, safe launch and 
possible payload integration. 

Fuel storage 
Safe and adequate fuel storage facilities are an essential part of the 
infrastructure. Due to the hazardous nature of many of the fuels used in 
spaceflight, a secure facility needs to be provided. 

Proximity of 
medical facilities 

A spaceport is a high risk area; therefore medical facilities need to be located 
nearby. Emergency services must be able to provide a rapid response to 
incidents.  

Area of site 

Sufficiently large and clear land area is required due to the scale of required 
infrastructure and the high energy nature of the propellants – This is 
primarily a safety concern. Anecdotal evidence suggests that sub-orbital 
requires tens of square kilometres and orbital requires hundreds of square 
kilometres. Additional real-estate is recommended for future infrastructure 
expansion. 

Transport links to 
and around site 

 

Due to the expansive size of the site, efficient transport links are needed 
around the site. To allow easy access for visitors and personnel, the site must 
be accessible at all times and with ease. This ease of access will impact the 
economic viability of the spaceport in particular.  

Accommodation 
for personnel Residential facilities to house personnel to meet TT&C operations.  

Perishables 
Storage and 
Processing 

Food and drinks need to be stored and handled in a safe manner. The 
spaceport should have similar safety and health standards of operation as in 
existing airports. 

Availability of 
emergency 

response units 

Fire and Ambulance services need to be located in appropriate positions for 
quick and efficient response.  

Ground support 
location (GST 

location) 

TT&C and operations control need to be located 1-2 km from the launch 
pad. Licensed ground stations need to be installed at additional sites for 
orbital space flights. 

Number of 
runways 

• More than one runway may be needed in some situation 
• Long runway or provision to extend the runway 
• More flexibility in direction for recovery and launch. 

Clean room 
• Required for payload integration and testing. 
• The average clean room for integration is at Class 10,000 (ISO 7). 

This is 10,000 particles per cubic meter. 

Viable Air Traffic 
and Space Control 

(ASTC) 
infrastructure 

Integrated ASTC is crucial for both orbital and sub-orbital flights and 
consists of scheduling, monitoring and controlling aircraft traffic in the air 
and during taxiing on the ground. These are needed to monitor the spacecraft 
in-flight and during launch and recovery and ensure that the spacecraft and 
aircraft trajectories are kept apart to avoid collisions.  

Utilities 

Uninterrupted power source for on-site backup power and access to existing 
grid is required. Water, sewage, drainage, and waste disposal and management 
are required. Telecommunication facilities are required. Safety measures like 
lightning protection and round the clock fire safety measures are required. 

Safety Fire suppression units round the clock are required. Lightning protection is 
required. 

2.4 Ground Operations 
Operations of a spaceport can be comparable to operations of an airport. However, the 
principal purpose of a spaceport is to launch and recover space access vehicles (SAV), hence 
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the operation requirements for a spaceport will differ. Table 2.8 gives a list of the typical 
operations in a spaceport. 
Table 2.8 Spaceport Operations  

Attribute Rationale 
Pre & Post-flight operations 

Payload processing & 
integration tests 

Pre-flight tests for both payload and integrated system of the 
SAV are critical for flight readiness.  
Preparations include: 

• diagnostic of mechanical, electrical, hydraulic, fluid/gas 
and fuel systems 

• vacuum chamber and subsystem testing require 
additional equipment  

• clean-room facilities in operational condition, 
• specific payload operations for crew and spaceflight 

participants  

SAV check-out 
procedures 

After assembly but prior to transport out to the launch 
infrastructure, the SAV should be comprehensively tested 
before roll-out of the processing facility  

Ground support 
equipment (GSE) for 

launch 

Personnel should be required to operate equipment to transport 
the SAV to corresponding launch infrastructure using:  

• a tug vehicle  
• a “crawler-transporter” 

Support should be required at the launch area itself for final 
preparations including: 

• Personnel to transport SAV to launch infrastructure 
• Support at launch area 
• Obstacle removal 
• Clearing airspace 
• Propellant handling 

Ground support 
equipment (GSE) for 

recovery 

Recovery support is required for returning crafts both on site 
and outside the immediate facility (water-landing). Helicopters, 
standby emergency vehicles and other mobile units are required 
for the egress of spaceflight participants and return of the SAV 
for post-flight processing operations.  

Propellant handling 

The movement of propellant from storage to SAV or launch 
infrastructure is dependant on the type propellant used. The 
safety requirements for each type of propellant are paramount. 
Proper disposal and recycling is also required. 

Flight Support 

Air Traffic Control 
• Monitors ground and air traffic for flight operations 
• Requirement for airports and spaceports to ensure 

smooth transition between spaceflight and air flight. 

Sphere of influence 

Airspace classes A, B, C, D and ground boundaries outline areas 
within and surrounding the spaceport to dictate current, future 
and obstruction-free areas for development, flight corridors and 
safe operations. 

Ground Control 
Stations for Tracking, 
Telemetry & Control 

(TT&C) 

Personnel are required for: real time tracking, telemetry, and 
control : 
• On-site stations will provide communication both directly 

and relayed via satellite if direct Line-of-sight (LoS) is not 
feasible.  

• Orbital flights require multiple ground station locations 
around the world.  
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• Maintenance and unobstructed field of view for 
communications are required.  

Safety & Security 

Emergency Response 
Teams (ERT) 

(Fire/Medical/Hazmat) 

Responsible for: 
• safety of crew,  
• spaceflight participants  
• public  

Fire, Medical and Hazardous Materials (HAZMAT) units should 
dispatch during launch and recovery in the event rapid response 
is required. During emergencies, the ERT’s will be invoked for 
first response.  

Restricted vs. 
Unrestricted zones 

Safe operation of the spaceport requires that certain areas be 
assigned restricted and unrestricted to employees and general 
public. Similar to typical airports, most areas are restricted to the 
public except for public areas within the terminal 

Visual and Infrared 
surveillance 

A secure facility requires visual means of monitoring the 
grounds and surrounding areas, infrared imaging for nighttime 
surveillance, and personnel monitor equipment and contact local 
authorities relating to the security of the spaceport.  

Logistics 

Intake and transport of 
SAV & Payloads 

The receiving and transport of payloads from launching 
customers is facilitated by cranes, heavy-lifters, and mobile 
platforms. All are operated by personnel at a dedicated entrance 
separate from the main terminal except for human crew and 
spaceflight participants. For these, a main terminal would be 
used.  

Training and Flight 
preparation 

A registered and licensed (on-site or in close proximity) training 
infrastructure should be used by spaceflight participants like 
simulators, support equipment and on-site medical support. 
Infrastructure for flight preparation of spaceflight participants. 

Luggage and Cargo 
Handling 

• Large amounts of cargo will be processed 
• Point-to-point flights will require efficient luggage 

handling 
• Customs and quarantine office 

Services 

Testing Facilities 

Desirable for operators to rent testing facilities:  
• Environmental testing 
• Electrical testing 
• Rocket testing 
• Functional testing 

 
The ideal state for any transportation system is to have efficient, safe, and low cost 
operations. To bring space transportation to a mature level, the definition and 
implementation of ground infrastructure standards is imperative and will ultimately influence 
the design of the flight hardware. Furthermore, for spaceports of tomorrow to operate as 
efficiently as other transportation systems today, it may be necessary to adopt standards 
(Ryberg & Guidi 2004). 

2.5 Spaceport Evaluation Mechanism Reference Table 
Table 2.9 identifies the criteria in the Spaceports Evaluation Mechanism with an explanation 
for each criterion. The sections that influence each criterion are also provided. 
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Table 2.9 Spaceport Evaluation Mechanism 
Ref 
No 

Criterion 
See 

Sections 
See Also 

14 

Does the spaceport operate in accordance with principles of 
international and national aviation regulations, concerning, 
amongst other things, minimizing the effects of operations on 
air traffic, and obtaining rights of over-flight from 
neighboring States? 

2.4 5.5, 6.1.1, 
6.1.3, 8.1.3 

17 

Does the spaceport provide for communication radio 
frequency allocation, tracking and telemetry in accordance 
with international requirements (ITU) with respect to the 
spaceport airspace? 

2.4 3.3, 5.6, 
6.1.2 

18 Is there adequate nominal and emergency ventilation? 2.4  

19 
Does the spaceport have the fire, HAZMAT, and Emergency 
crews (with access to emergency on-site fire station) to 
respond to any operational emergencies? 

2.4 6.1.1 

20 Are there built-in redundant power systems for contingency 
operations? 2.3  

21 Is there comprehensive emergency medical response plan? 2.3 6.1.1, 7.2.1 
27 Does the spaceport have sufficient access to utilities? 2.3, 2.4  

28 Is there an environmentally sustainable plan for waste 
management and removal? 2.3 8.8.5 

29 Is adequate provision made for hazardous and toxic material 
management? 2.3 6.1.1, 8.8.2 

30 Does the spaceport have a propellant management plan? 2.3, 2.4 6.1.1, 6.1.4, 
8.8.2 

31 Does the spaceport have a security plan? 2.4 
3.2.2, 5.5, 

5.8.1, 6.1.4, 
6.2, 7.2.3 

33 Is there a downrange emergency recovery, search and rescue 
plan? 2.3, 2.4 7.2.1 

34 
Is the spaceport located where suitable weather conditions 
meet the requirements of the appropriate space access 
vehicle?  

2.1, 2.2, 2.4 6.1.2, 6.1.4, 
8.1.4 

35 Can the spaceport launch site support different types of space 
access vehicles?  2.1, 2.2, 2.3 4.2.2, 4.2.3, 

4.2.4 

36 
Has an emergency response plan been developed for the 
contingency situation where a failure occurs within the 
boundaries of the spaceport? 

2.4 6.1.2, 7.2.1 

37 Does the spaceport have space access vehicle and payload 
specific assembly and integration facilities? 2.4  

38 Are there storage and maintenance facilities for space access 
vehicles? 2.4  

39 Is there capacity for future infrastructure expansion? 2.3 4.4.1 

52 Is there infrastructure necessary to perform screening and 
training of passengers and flight crew? 2.4 7.3.1 

57 Does the spaceport provide testing infrastructure for space 
access vehicle and payload operations? 2.4  

58 Does the spaceport have a clean room? 2.3 3.1.1 
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2.6 Conclusion 
The infrastructure requirements at a spaceport should take into account what is currently 
being used in airports. In addition, requirements for future infrastructure to ensure safe and 
reliable access to space should be considered. The types of Space Access Vehicles that can be 
operated from a spaceport will be governed by the location. Air assisted launch and/or 
combined propulsion engines are preferred in populated areas, but reduce the payload 
capability. While a horizontal launch and horizontal landing mode is preferred for customer 
acceptance, it is not necessarily cost-effective. The use of engines that use non-hazardous 
propellants is stressed to improve reliability and safety, but significant research and 
development work is required to get the perfect balance between these requirements and the 
payload capability (Figure 2-1). 
 

 
Figure 2-1 – Technical Elements of Spaceport Infrastructure [FuturIST Executive Summary, 

2008] 

Evolution of an efficient air traffic management system that focuses on standardization for 
inter-operability is required for simultaneous aircraft and space vehicle operations. Also, the 
infrastructure requirements should take into account the upgradeability of the spaceport to 
support future traffic such as runways, new installations, etc. Continuous monitoring of the 
operations is essential in the evolving years for continuous improvement of operational 
efficiency. 
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________________________________________________________ Chapter 3 

3  Spaceport Public Facilities 

Public facilities are locations in or near the spaceport designed for customers including SAV 
operators, space flight participants, members of their families, tourists and casual visitors. 
Other facilities support the primary services by providing backup services for customers 
ranging from accommodation and food to entertainment. These services have a very 
important role in the revenue of a spaceport and its regional economy. 

3.1 Spaceport Users 
A spaceport should cater to different users who have specific needs and requirements. These 
needs and requirements will influence the types of essential facilities. The space flight 
participants will be among the primary users of the spaceport’s facilities. However, the 
launch operators and visiting public will also use the spaceport. This chapter will generalize 
the facility requirements for all users. 

3.1.1 Launch Site Operator and Launch Operator  
The Launch Site Operator and the Launch Operator will have a fundamental input in 
determining the required facilities. For example, the Launch Operator may require space for 
SAV hangars, and offices for on-site staff. Provisions for on-site training facilities and 
preparation rooms/clean rooms for the SAV will make the spaceport more attractive to this 
group of users. In addition, separate buildings may be required for administrative purposes. 
Space Flight crew should have designated quarters for accommodation, food and 
entertainment, as well as a preparation/dress room prior to flights.  

3.1.2 Space Flight Participant  
Future space tourists will require training facilities to prepare for the effects of microgravity 
and g-forces. At existing spaceports, available facilities include a centrifuge g-force simulator, 
and, water tanks to simulate microgravity conditions experienced during EVA and a virtual 
space flight simulator.  
 
Space flight participants preparing for orbital or sub-orbital flights will require 
accommodation, food and entertainment for the duration of their visit. The space flight 
participant should be in a relaxed environment throughout the process, like those created in 
commercial airports or at cruise ship terminals (Webber 2005).  
 
It is conceivable that family and friends will also wish to be involved in the experience, and 
may choose to accompany the space flight participant during training. General provisions, 
such as accommodation, food and entertainment should be available. Providing a visiting 
area for visitors to observe the training process as well as a visual communication facility 
with the SAV during flight could be valuable features. 

3.1.3 The Visiting Public 
The general public will be an important user of the spaceport as they will enjoy witnessing 
and sharing in the experience of the spaceflight. Therefore is it necessary to make the 
spaceport accessible to them, and to provide an experience at the spaceport that will generate 
secondary revenue streams for the Launch Site Operator. It is likely that the public will 
spend money on accommodation, food and possible entrance fees to the spaceport and on-
site facilities. As many of the public will not have the financial means to purchase a space 
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flight, having attractions that allows them to virtually experience the flight and training may 
be provided, such as an IMAX™ theatre. For example, allowing  public access to the training 
facilities with the possibility of trying out the equipment may attract visitors to the spaceport, 
especially on days when there are no spaceflights. Other attractions could be education 
centers and suites for parties, conferences, and academia.  
 
It can be expected that in the short term, much of the public will want to witness the 
preparation of a space flight participant for flight and actually see the SAV take off from the 
runway or launch pad. A viewing area may be an important feature of the spaceport to allow 
the public to observe the space flight. In addition broadcasting of the training and/or 
spaceflight can be conducted via the internet to allow people all over the world to witness 
the experience. However, if visiting tourists are to be encouraged to the area, then other 
provisions such as parking space, public transport and access for disabled persons should 
also be considered.  

3.2 Types of Spaceport Facilities 

3.2.1 Designated Areas 
The facilities can be situated in different areas and may or may not be directly linked to the 
spaceport. Such scenarios are, for example: 
 

• Spaceport Facilities: some of the public facilities should be physically placed within 
the spaceport zone like the terminal, visitor center. 

• Nearby Facilities: some facilities, like hotel resorts for space tourists and visitors, can 
be located in an area outside of the spaceport boundary but directly linked to it both 
by communication means and management organization.  

• Regional Facilities: existing regional facilities can already offer services to the 
customers and thus reduce the initial investment needed for the spaceport. Services 
like visitor accommodation, shopping. can have an added value of local flavor, but it 
can be difficult to control its level of service. 

• Inter-regional Facilities: due to the cost of some of the infrastructure needed, like 
training facilities, it may be an interesting cost reduction option not to offer these 
services in the spaceport but in a separate area that might centralize the training for 
space tourists later flying from different spaceports. This approach is followed by 
space tourists in Russia, where they are trained at Star City in Moscow, after which 
they are transferred to Baikonur, Kazakhstan for the launch. 

3.2.2 Spaceport Terminals 
A terminal is defined as the facility which handles passengers and cargo for the spaceline. 
This report will consider two different operating scenarios; first, luxury tourism facilities and 
second, point-to-point transportation facilities.  
 
In the short term, luxury tourism is the most likely scenario for commercial private access to 
space both in its sub-orbital and orbital flights. Specialized check-in and control areas will be 
required. 
 
Point-to-point transportation is a medium term scenario that may be developed. The 
technology and the market which can support point-to-point transportation is non-existent. 
Conventional facilities must be developed for the terminal for check-in, security screening, 
passenger services, cargo handling, and spaceport operations.  
  
In both cases the technology and configuration of the space access vehicles will drive the 
architecture and infrastructure of these new spaceports (Adams & Petrov 2006). Terminal 
infrastructure should be designed and developed to be expandable for the growth of the sub-
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orbital and orbital tourism market (FAA 1980). When determining the dimension of the 
facilities, traffic volume is an essential criterion to be considered (Odoni & de Neufville 
1992). Spaceports will be very visible infrastructures. Due to their pioneering character, 
special care should be afforded to the concept, design, and aesthetics of the spaceport (FAA 
1980). As an illustration Figure 3-1 shows an artistic view of the United Arab Emirats 
Spaceport Terminal: 
 

 
Figure 3-1 - Example of spaceport terminals: UAE Spaceport 

 [http://emiratesupdate.wordpress.com/2008/01, 2008] 

3.2.3 Accommodation and Restaurants 
Different forms of accommodation should be provided for different types of customers. 
Space tourists may require accommodation for a period ranging from three days to several 
weeks depending on whether they are training for sub-orbital or orbital flight experience. 
Based on each customer, pre- and post-launch schedule, appropriate accommodation near 
the training facilities should be considered. Accommodation is also required by any visitor or 
spaceport staff who stays longer than one day at the spaceport. It is therefore highly 
recommended that the area close to a potential spaceport has a developed tourism industry 
with different attractions to keep occupancy high throughout the year. This was not the case 
for the current space tourists who visited the ISS and trained in Star City, Moscow. It is 
however the concept of global tourism experience that Galactic Suite is trying to achieve in 
remote islands (Peeters & Crouch 2008). 

3.2.4 Entertainment 
Entertainment and recreation facilities are always considered by the majority of airports. 
Spaceports also should have such facilities as the space tourists may spend relatively long 
durations within the spaceport zone. Possible attractive facilities can be an IMAX™ type 
theater, a space theme park, rides, and simulators. These facilities could also provide a reason 
for the general public to visit the spaceport (Webber 2005). However, the intended 
attractions for space traveler groups may differ somewhat from that  for terrestrial tourists.  
 
Many types of entertainment could be pursued for development in or near a spaceport. A 
few spaceports, like Cape Canaveral in Florida, USA have developed a special complex to 
welcome tourists (DNC 2003). Other countries have created attractive space parks like the 
“Cité de l’Espace” in Toulouse, France (Cité de l’Espace 2008). Some attractions can be 
equally suitable for space tourism or terrestrial tourism, like a theme park. Table 3.2 provides 
a list of the possible entertainment facilities. 



16    
 

 
Table 3.1 Spaceport Entertainment 

Explore Discover 
Come on 

board 
Observe Experience 

- IMAX™ 
theatre 

- Space flight 
simulator 

- Children’s 
attractions 
- Center for space 

education 
- Bus tour 

- Launcher 
models 
- Rocket 

garden 

- Terrestrial 
planets 

- Satellites 
- Explore the 

Universe 

- Weightlessness 
- Astronaut 

training 

3.2.5 Viewing Area 
Providing tourists with a unique experience draws them to the spaceport. Hence, viewing the 
launch would be a key component of the tourists’ experience. Today launches are regularly 
televised on the Internet. Facilities should be designed to entice customers to travel to the 
launch site for viewing. The architecture of the facilities should be well designed to 
encourage tourists to participate in the launch and landing process. 

3.2.6 Transport and Accessibility  
State of the art transportation technologies should be showcased at the spaceport. The 
spaceport should be accessible by a fast and efficient transportation system to transfer 
tourists, staff, and cargo. High-speed trains may be a good option to transfer customers from 
nearby cities to the spaceport. In addition good road networks and nearby commercial and 
international airports provide greater accessibility to the spaceport.  

3.3 Telecommunications 
Telecommunications are essential to the operations of a spaceport. A robust 
communications infrastructure is required for multimedia access by broadcasters, media 
companies, tourists, and operations staff. Careful planning of the infrastructure should be 
carried out to ensure optimum development of the system. The widest possible 
dissemination of the launch event should be facilitated by telecommunication services. The 
diversity of communications requirements also highlights the need for licensing. 

3.4 Spaceport Evaluation Mechanism Reference Table 
 Table 3.2 identifies the criteria in the Spaceports Evaluation Mechanism with an explanation 
for each criterion. The sections that influence each criterion are also provided. 
Table 3.2 Spaceport Evaluation Mechanism 

Ref 
No 

Criterion 
See 

Sections 
See Also 

17 

Does the spaceport provide for communication radio 
frequency allocation, tracking and telemetry in accordance 
with international requirements (ITU) with respect to the 
spaceport airspace?  

3.3 2.4, 5.6, 
6.1.2 

31 Does the spaceport have a security plan? 3.2.2 
2.4, 5.5, 

5.8.1, 6.1.4, 
6.2, 7.2.3 

40 Is the location of the spaceport publicly accessible? 3.2.6 6.2.2 

41 
Is the spaceport situated near transportation infrastructure 
that facilitates transport outside the region 
(national/international)? 

3.2.6 8.1 

42 Is there existing local tourism infrastructure (hotels, 3.1.3, 3.2.1, 8.5 
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attractions, etc) and can the spaceport absorb seasonal 
fluctuation in tourism activities? 

3.2.3, 3.2.4 

43 Does the spaceport provide or intend to provide 
entertainment venues and activities for terrestrial tourists? 

3.2.3, 3.2.4, 
3.2.5 4.3.1 

44 Is there an expandable commercial airport with a passenger 
terminal on-site? 3.2.2  

45 Does the spaceport infrastructure harmonize with the 
landscape of the location? 3.2.5 8.8.6 

54 Is there luggage storage and processing infrastructure? 3.2.2  

55 Does the spaceport have on-site food handling and storage 
infrastructure? 3.1.3, 3.2.3  

58 Does the spaceport have a clean room? 3.1.1 2.3 

3.5 Conclusion 
Key considerations in determining the provision of facilities are to identify the potential 
users of the spaceport and what they will use it for. Such users include the space flight 
participant, the visiting public, and the spaceport and launch operator. It has been 
highlighted that each user of the spaceport has different requirements and needs. These 
needs must be addressed and analyzed individually.  
 
The public facilities criteria outlined in the SEM were developed based on the overall 
facilities required. However several more criteria, with respect to development of in situ 
infrastructure and good transportation links to the spaceport should be developed.  
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________________________________________________________ Chapter 4 

4 Spaceport Business and 
Commercial Aspects 

The technical and facility aspects of a spaceport important to its development, but business 
aspects must be considered for a commercially viable organization. To better understand 
these business issues, profiles will be provided from a selection of existing spaceports with 
both space related and non-space related markets and issues will be discussed. A financial 
risk assessment will be addressed. 

4.1 Business Profiles of Selected Existing Spaceports 

4.1.1 Spaceport Sweden 
Spaceport Sweden is a project that has been proposed but has not yet begun construction. 
The potential spaceport is to be based in Kiruna, Sweden, and aims to be the European 
center of sub-orbital space tourism. Virgin Galactic will be the major spacecraft operator in 
Spaceport Sweden. As part of its strategy Spaceport Sweden plans to attract people based on 
the unique tourism opportunities in the area, including facilities such as the Ice Hotel. 
Focusing on more than just the space traveler, there will be family facilities and family 
adventure activities. 
 
Four companies are working together to organize this endeavor. The Swedish Space 
Corporation is a company that designs, develops, and tests a variety of space systems. This 
company also operates the Esrange Space Center, which is used for launching sounding 
rockets and high altitude balloons. This company provides space industry expertise to the 
project. ICEHOTEL, the company that operates the Ice Hotel in northern Sweden, will be 
involved and adding expertise with respect to specialty tourism. LFV Group is the company 
that owns Kiruna Airport, where spacecraft associated with Spaceport Sweden will take-off. 
LFV Group also develops and operates civil airports. The final company, Progressum, works 
to promote business growth in Kiruna. They will help additional companies make 
connections and partnerships and integrate into the area (Spaceport Sweden n.d.). 

4.1.2 Mid-Atlantic Regional Spaceport 
The Mid-Atlantic Regional Spaceport (MARS), located at Wallops Island, USA has been 
operating since 1998. It provides commercial launch services to NASA, DARPA, the U.S. 
Air Force, commercial users and academic users. This facility is operated by the NASA 
Goddard Space Flight Center. MARS provides a number of services including launch vehicle 
certification, range and facility scheduling, coordination of public affairs with NASA and 
media, and provision of accommodation for customer personnel. The goal is to provide ¨one 
stop shopping¨ for space launch facilities and services. Although Wallops Island has a 
visitor’s center and it is possible to visit the Wallops Island/MARS site, no admission is 
charged, and tourism is not a major source of income for this launch site (MARS n.d.) 
 
MARS is operated in partnership with Dynspace LLC, the Virginia Commercial Space Flight 
Authority, NASA, Virginia Economic Development Partnership, Old Dominion University, 
Virginia’s Center for Innovative Technology and Maryland Department of Business and 
Economic Development. Their locations and partnerships allow them to take advantage of 
tax breaks and financial incentives, and to eliminate tariffs for foreign customers (MARS 
n.d.). 
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4.1.3 Spaceport Singapore 
Spaceport Singapore (Figure 4-1), also still in planning stages, will focus on space tourism 
and space transportation. They intend to be the exclusive base of the Explorer vehicle, a sub-
orbital craft being developed by a Russian aerospace team at the Sub-orbital Corporation and 
the Myasishchev Design Bureau. In addition to the sub-orbital flights, Singapore plans to be 
home to the most comprehensive set of space-related tourism facilities in the world. They 
intend to provide zero–gravity flights, jet aircraft flights, simulated space walks, space camp, 
and a wide range of other attractions. 
 

 
Figure 4-1 - Spaceport Singapore, Space Adventures [www.msnbc.msn.com, Feb. 20, 2006] 

 
Spaceport Singapore is expected to cost approximately $115 million. [For comparative 
purposes, Spaceport America in New Mexico, U.S. is expected to cost approximately $225 
millions (David 2006). Some private sector funding will help to support this endeavor. In 
addition, there is a collection of companies working together to develop this venture. These 
companies include Space Adventures, Lyon Capital, Inc., Octane (PTE), Batey (PTE) Ltd, 
and DP Architect. Space Adventures is a company that currently facilitates orbital flights to 
the international space station. Lyon Capital, Inc. is an international business development 
and financial firm, run by the former VP of Space Adventures. Octane (PTE) Ltd focuses on 
creating original ideas for the entertainment industry and developing those ideas into revenue 
generating activities. Batey (PTE) Ltd is a brand marketing company. Spaceport Singapore 
will be one of their key pillars, and they will create a commercial brand to benefit customers. 
DP Architect is contributing to the development of the building and the land utilization. ST 
Medical provides training to the Singapore Airforce and will provide expertise for spaceport 
medical screening and psychological training. Finally, KPMG will support the final funding 
for the spaceport (Spaceport Singapore n.d.). 

4.2 Space Tourism and Transportation 

4.2.1 Commercial Launch  
Commercial Launch is the sale of launch services to put space systems into a particular orbit. 
In 2005, the size of this market was approximately $1.2 billion a year, while the overall 
launch market (including government provided launches) was approximately $3 billion. This 
represents only a small portion of the overall global space market, estimated at $180 billion. 
These figures correspond to 37 payload launches. Most of this demand comes from the 
geosynchronous (GEO)/geostationary (GSO) telecommunication satellite communications 
market (Space Foundation 2006). 
 
A number of commercial launch providers exist in multiple countries. These providers 
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include United Launch Alliance in the United States, Arianespace in Europe, Sea Launch, 
International Launch Services in Russia, and many others, in countries such as China, Japan, 
Brazil, and India. 
 
Many countries consider independent access to space a strategic issue and have chosen to 
develop this capability. As a result of this development a significant overcapacity in launch 
services has occurred. There are many more launchers available (around 30 commercial 
launches a year) than requested by customers. This has an obvious negative impact on launch 
prices. As an example, GSO launch average prices dropped by 35% between 1990 and 2000 
(Futron 2002). 
 
The costs for a particular launch depend on the launcher class (small, medium, intermediate, 
heavy), the orbit used (low earth orbit (LEO) or GSO) and the country where the launcher is 
manufactured (due to lower labor costs in countries such as China and India). 
 
The future of commercial launch is predicted to remain steady, but little growth is expected. 
The FAA foresees a mean of 24 satellites per year up to 2012. Eighteen to nineteen of these 
are expected to be sent to GEO orbit. Teal Group Corporation predicts 176 commercial 
geosynchronous satellites will be built and launched between 2006 and 2015. This indicates a 
demand for around 18 satellites launches a year. Given these forecasts, it seems unlikely that 
overcapacity is going to be reduced in the next decade (Space Foundation 2006).  

4.2.2 Sub-orbital Tourism 
Private sub-orbital spaceflight occurred in 2004 when one pilot traveled into sub-orbital 
space on board Scaled Composite’s SpaceShipOne. In sub-orbital tourism flights, the take off 
and landing is from the same spaceport, and the flight reaches an altitude of 100km, meeting 
the international customary definition of space. Some of the reasons people may choose to 
partake in this type of travel include the ability for civilians to view the Earth from space and 
to experience weightlessness.  
 
Though no market in sub-orbital space tourism exists at this time, a number of companies 
are planning to enter this market in the near future. Virgin Galactic flights of SpaceShipTwo 
from Mojave spaceport in California are scheduled to begin operation by 2010 (Leonard 
2006). Although the SpaceShipTwo has not flown yet, Virgin Galactic has already collected 
deposits from individuals for flights (Virgin Galactic, n.d.). Other sub-orbital companies, 
such as Rocketplane, XCOR, and Blue Origin also are aiming to begin service in this same 
time frame (Boyle 2006a; XCOR 2008; Boyle 2006b). 
 
The price of a sub-orbital ticket currently ranges from $100,000-$200,000 per trip. Futron 
Corporation produced a comprehensive report of space tourism and adventure travel in 
2002. This report suggests that sub-orbital space travel is a promising market. Futron 
forecasts that by 2021 over 15,000 passengers could be participating annually on sub-orbital 
flights, representing revenues in excess of US$700 million (Futron 2002). 

4.2.3 Orbital Tourism 
Beginning with Denis Tito in April 2001, a small market in orbital space tourism has existed. 
Up to now, all orbital space tourism flights have taken place using Russian Soyuz vehicles, 
from the Baikonur space center in Kazakhstan, with the International Space Station as the 
destination. The orbital space tourists generally have remained in orbit for one or two weeks. 
Orbital tourism is currently organized through Space Adventures, and the price of orbital 
space tourism is on the order of US$20-$30M per trip (Malik 2007). 
 
Orbital space travel is also considered by some to be a growing market. Futron’s forecasts 
for orbital space travel suggest that by 2021, 60 passengers may be flying annually. This 
would create revenues in excess of US$300 million (Futron 2002). Several entrepreneurial US 
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companies have been trying to develop an indigenous system to deliver tourists into orbit 
(and cargo and astronauts for the ISS), but so far no flight-proven hardware exists to do this. 
Also, no commercial spaceport has been singled out to host these flights.  

4.2.4 Point-to-Point  
Point-to-point space transportation refers to the transportation of people or goods through 
the use of sub-orbital or orbital space travel to provide very time effective delivery. This 
market does not currently exist, and no official market analysis studies have been carried out. 
There is some speculation about where demand for this service may arise.  
 
Three primary possible markets that have been suggested for point-to-point space-flights 
include the military, courier/cargo transportation, and commercial flight for human travel. 
Military use of point-to-point space transportation would increase capability for rapid 
deployment. However, there are concerns about how to safely transport and store propellant 
to areas where forces are being deployed. In addition, spacecraft may be particularly 
vulnerable during approach and landing. The courier or cargo market is based on the need to 
deliver goods rapidly. Though reducing delivery time is desirable, it is not clear that 
customers would be willing to pay the $100-$1000 per pound costs associated with space 
transportation, compared with the $5-$10 prices of current shipping methods. There is a 
similar concern with the effect of a wide price gap on the market for human transportation. 
In this case, the failure of other rapid travel options, such as the Concorde, suggest the 
courier/cargo market may not be viable (Hoerr 2008; Dinerman 2008). 

4.3 Terrestrial Tourism and Other Commercial 
Opportunities 

It has been said that a spaceport that only provides space-specific services will not be 
profitable, therefore exploring alternative revenue streams is encouraged (Witt, 2008). Forty-
one percent of funding for airport operations and development come from parking revenue, 
terminal concessions, rental car agency revenue, other non-airline revenues, and other 
ground transportation services (Chambers 2002). The introduction of a new industry spurs 
local economic growth, with the potential of creating jobs and promote human resource 
development. 

4.3.1 Terrestrial Tourism, Products and Services 
Products and services are a significant aspect of the revenue stream and can be profitable. At 
Walt Disney World Resort in Orlando, FL, USA, more than 50 million Cokes and 10 million 
hamburgers are consumed each year (Blue Soup LLC 2008).  
 
The interest in space related topics can be taken advantage of, for additional revenue. In 
2007, over 6 million people visited the Smithsonian National Air and Space Museum 
(NASM) (NASM 2008). Tourist sites like the Kennedy Space Center (KSC), NASM, and the 
Griffith Park Observatory, make the intrigue of space accessible to a wider audience. Even 
non space-centric theme parks like Disney World often incorporate technology and space 
into their attractions. Because of the importance of the space related terrestrial tourism 
industry, private and public entities are willing to make significant investments. In 2006, the 
Griffith Park Observatory was reopened after a $93 million renovation (Griffith Observatory 
n.d.). Delaware North Company invested $70 million into the KSC Visitor Complex which is 
part of its $336 million Park and Resorts portfolio (Delaware North Company 2006). 
 
The lure of what a spaceport can offer allows for innovative opportunities in services. Access 
to flight simulators, centrifuge rides, neutral buoyancy labs, zero-gravity parabolic flights, and 
science and technology exhibits all lend themselves as key attractions. 
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Many tourism based businesses are not isolated in location, but are often part of a larger 
community of tourism. This is a salient consideration for the choice of the spaceport site. If 
chosen carefully the spaceport may utilize existing infrastructure, thus avoiding many costs 
while taking advantage of an existing tourism market.  

4.3.2 Other Commercial Opportunities 
In addition to the basic market of sub-orbital tourism, there are a number of tangential 
space-related markets that could be incorporated into spaceport activities. If spaceline 
operators can increase the number of flights by marketing into niche areas, there could be an 
increase of revenues for spaceport operators. For example, parabolic flights which are 
currently being offered by the Zero G Corp. for $5000 per flight are another possible 
revenue generator for spaceports (Zero-G n.d.). Other commercial ventures could entail 
microgravity experiments for universities and research organizations onboard sub-orbital 
flights. Remote sensing onboard sub-orbital flights has the advantage of sensing when 
required, and when weather conditions are optimal, at prices much lower than those of 
satellite platforms. 
 
A unique possibility that has been identified is to target the multi-billion dollar wedding 
industry, which, with the rise of sub-orbital flights, may consider space weddings as a 
potential market. Fashion is another multi-billion dollar industry that could be a market 
driver in the space sector. Bringing the fashion element to space would appeal to the general 
public and engage them to create and live a new space culture (Onuki & Lauer 2008). 
Similarly, the uniqueness of a microgravity environment could bring an entirely new 
dimension to sports. Athletes would need to develop new skills, techniques and training 
methods to adapt to the conditions of reduced gravity. There are several concepts of 
terrestrial sports that are being considered for adaptation in space. Sub-orbital Space Diving, 
Space Football and the Rocket Racing League are a few being developed (Onuki & Lauer 
2007). 
 
Media sponsorship can be another source of funding. Already, RadioShack conducted 
commercial filming at the ISS, Pizza Hut spent $1M dollars to put its logo on the Proton 
Rocket, and a Canadian golf equipment maker paid $65M to the Russian Space Agency for a 
cosmonaut to perform a golf shot outside of the International Space Station (ISS) during an 
extra vehicular activity (EVA) (Onuki & Lauer 2007). Actively seeking media partnerships 
may be productive means of bringing additional revenue to a spaceport. Other opportunities 
exist as well, such as building photovoltaic farms and selling excess electrical power, forming 
partnerships with wind power companies or making the spaceport available as a setting for 
film projects, as is the case with the Mojave Air and Space Port (Mojave Air and Spaceport 
n.d.). 

4.4 Financial Risk Analysis and Management  
Successful business management must establish healthy financial ratios and manageable 
quarterly expenses. Examples of financial ratios and financial figures include revenue 
associated costs, current ratio, debt ratio, debt to equity ratio, free cash flow to operating 
cash flow, return on assets, and return on equity. Costs could be higher than expected for a 
spaceport as long as they are outpaced by revenue; performance drivers such as these are 
therefore more important when investigating spaceport viability than simple cost analysis. 
Examples of variable expenses include Cost of Goods Sold (COGS), sales and marketing 
expenses, and general and administrative expenses. Some capital expenditures are fixed costs 
and some are ongoing costs. In addition, a sound business plan for a spaceport must 
incorporate an analysis of the financial risks involved in the venture and a method of 
managing or mitigating those risks.  
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4.4.1 Future Planning and Projections  
Two important aspects of future business planning are the projected best, average, and worst 
case scenarios for market size, growth (as well as for captured market portion size and 
growth), costs, revenue, and an established timeline for funding cycles and accomplishing 
major events. In addition, a commercial venture must take inflation and fluctuations in 
interest rates into account when planning for the future. A spaceport must also take into 
account the achievement of milestones. Milestones for a spaceport include obtaining 
community consensus for the spaceport, licensing, and performing an environmental analysis 
of the spaceport. Prompt resolution of these milestones will make investors more likely to 
finance the project (Tudge 2003). 

4.4.2 Phasing 
Phasing as well as properly staging infrastructure investment and construction mitigates risk. 
Phasing requires a definition of what is needed to finance and build first, and from a business 
and commercial point of view, investigate whether there is an opportunity for revenue during 
construction. 

4.4.3 Insurance 
As explained by David Tudge, “Insurance is not a substitute for a good risk management 
strategy; it is merely a way of mitigating the financial effects of failures.” (Tudge 2003) If 
there is an accident, what affect will it have on the business? Insurance in the case of 
interruption of business due to an accident should be a consideration for spaceports.  

4.4.4 Entrance and Exit Strategies 
Entrance and exit strategies are necessary for any given spaceport, especially since many 
different spaceports are being constructed or are proposed for development concurrently 
around the world. The commercial spaceport industry may be highly competitive. A 
spaceport has a distinct advantage over existing and future competitors. This competitive 
environment will affect potential market share. In the case of a spaceport, an exit strategy is 
important to investors since they delineate a plan of action if unexpected problems occur. 

4.4.5 Sources of Funding: Alternative Revenue Streams 
Secured funding and alternative revenue streams are crucial for spaceports. Due to the large 
amount of financing required, venture capital is most likely not an option for spaceport 
development. However, wealthy individuals, entrepreneurs, and governments may be sources 
of funding for spaceport operators. For example, Spaceport America will receive partial 
funding from a tax levied from Sierra County, New Mexico (Massy 2008). 

4.5 Spaceport Evaluation Mechanism Reference Table 
Table 4.1 identifies the criteria in the Spaceports Evaluation Mechanism with an explanation 
for each criterion. The sections that influence each criterion are also provided. 
 

Table 4.1 Spaceport Evaluation Mechanism 

Ref 
No 

Criterion 
See 

Section(s) 
See Also 

1 Have the basic business plan areas being addressed?  Appendix 1

2 Have financiers and multiple revenue streams been 
identified? 4.3, 4.4.5  

3 Can the spaceport secure a substantial share of the 
spaceport market?  Appendix 1

4 Can the spaceport take advantage of a particular customer 
segment, and/or does it address a specific customer need? 4.2  
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5 Are the engineering and development costs plus capital 
expenditures reasonable based on analogous projects? 4.4.5 Appendix 1

6 Has an analysis of the business risks and costs of failure, 
including potential business interruption, been conducted? 4.4  

7 Are there healthy financial ratios and financial figures after 
the ‘break-even’ point?  4.4  

8 Are there manageable quarterly expenses after the ‘break-
even’ point? 4.4  

9 Is the break-even point achievable in a reasonable amount 
of time? 4.4.1 Appendix 1

10 Is a return on investment achievable in a reasonable 
amount of time? 4.4.1 Appendix 1

11 Has an exit strategy been defined? 4.4.4  

12 
Is the spaceport well situated geographically to access the 
orbits/sub-orbits which are desirable to the targeted 
market? 

4.2 8.1.1 

35 Does the spaceport launch site support the appropriate 
space access vehicles?  

4.2.2, 4.2.3, 
4.2.4 2.1, 2.2, 2.3 

39 Is there capacity for future infrastructure expansion? 4.4.2 2.3 

42 
Is there existing local tourism infrastructure (hotels, 
attractions, etc) and can the spaceport absorb seasonal 
fluctuation in tourism activities? 

4.3.1 3.2.3, 3.2.4, 
3.2.5 

51 Does the spaceport promote human resource 
development within local and regional communities? 4.3 8.4, 8.5, 8.6 

56 Are there space cargo processing facilities? 4.2.4  

4.6 Conclusion 
Identifying and securing financing, and achieving a break-even point after twenty years of 
operations, should both be critically examined from a business and commercial standpoint 
(Witt 2008). A spaceport’s profitability should be consistently monitored from its inception. 
If, after three years of operation, there is a failure to make profit, the management of the 
spaceport must first be changed, the business plan should be reevaluated, and the spaceport 
operations should be restructured for profitability (Witt 2008). Development of multiple 
revenue streams and alternative synergistic businesses are highly recommended for 
spaceports. A signed Letter of Intent with one or two vehicle operators or spacelines should 
exist beforehand to improve the chances of attracting investment and commercial viability. 

4.7 References 
Blue Soup LLC. (2008) Disney World Trivia and Facts. [Online] 
http://www.explorethemagic.com/disney-world-fact.asp, accessed August 11, 2008. 

Boyle, Alan. (2006a) Smooth sailing for private spaceport. [Online] 
 http://www.msnbc.msn.com/id/14032845/, July 26 2006, accessed August 25 2008. 

Boyle, Alan. (2006b) Rocketplane adds seats to spaceship. [Online] 
 http://www.msnbc.msn.com/id/21482508/ October 26 2006, accessed August 25 2008. 

Chambers, Charles. (2002) Status of the Airline and Airport Industry. Global Aviation Associates, 
Ltd. 

Delaware North Company. (2006) Annual report 2006. 

Dinerman, Taylor. (2008) Point-to-point sub-orbital spaceflight and military logistics. IN The 
Space Review [Online]  
http://www.thespacereview.com/article/1103/1, April 14 2008, accessed August 16 2008. 



26    
 

Futron. (2002) Space Transportation Costs: Trends in Price Per Pound to Orbit 1990-2000 
[Online] 
http://www.futron.com/pdf/resource_center/white_papers/FutronLaunchCostWP.pdf, 
September 6 2002, accessed August 16 2008. 

Griffith Observatory. (n.d.) “Griffith Observatory – Renovation” [Online] 
http://www.griffithobservatory.org/obsrenovation.html, accessed August 13, 2008. 

Hoerr, David. (2008) Point-to-point sub-orbital transportation. [Online] IN The Space Review 
http://www.thespacereview.com/article/1118/1, May 5, 2008, accessed August 16 2008. 

Leonard, David. (2006) Challenges Ahead for Spaceport America. [Online] 
http://www.space.com/news/061019_xprizecup_spaceport.html, October 19 2006, 
accessed August 25 2008. 

Malik, Tariq. (2007) Ticket for New Space Tourism Experience for Sale. [Online] 
http://www.space.com/news/071115-backup-space-tourist.html, November 15 2007 
accessed August 25 2008. 

MARS. (2008) Mid-Atlantic Regional Spaceport, Visitor’s Information. [Online] 
http://www.marsspaceport.com/visitors_info.php , accessed August 16, 2008. 

Massy, Barry. (2008) Spaceport still needs FAA license. [Online] 
http://www.msnbc.msn.com/id/24297335/ , April 24, 2008, accessed August 13 2008. 

Mojave Air and Space Port. (n.d.) Filming. [Online] 
http://www.mojaveairport.com/filming.htm , accessed August 23 2008. 

NASM. (2008) National Air and Space Museum Press Kit – Building on the National Mall 
Fact Sheet. [Online] 
http://www.nasm.si.edu/events/pressroom/presskits/museumkit/facts_mall.cfm, accessed 
August 12, 2008. 

Onuki, Misuzu & Lauer, Charles J. (2007) SPORTS IN SPACE –Another Space Utilization That 
Drives Space Commercialization.  

Onuki, Misuzu & Lauer, Charles J. (2008) Creating New Transportation Culture by Sub-orbital 
Space Tourism Vehicles. 

Space Foundation. (2006) The Space Report. 

Spaceport Singapore. (2008) Spaceport Singapore Official Website. [Online] 
http://www.spaceportsingapore.com, accessed August 16, 2008. 

Spaceport Sweden. (2008) Spaceport Sweden Official Website. [Online] 
http://www.spaceportsweden.com, accessed August 16, 2008. 

Tudge, David. (2003) Risk Management. IN Keys to Space: McGraw-Hill. 
Witt, S. (2008) Personal Interview, August 19 2008. 

XCOR Aerospace. (2008) XCOR Aerospace announces new sub-orbital vehicle ‘Lynx’ to fly 
within two years. [Online]  
http://www.xcor.com/press-releases/2008/08-03-26_Lynx_sub-orbital_vehicle.html, March 
26 2008, accessed August 25 2008. 

Zero G. (n.d.) F.A.Q. [Online]  
http://www.gozerog.com/faq.htm, accessed August 25, 2008. 
 
 
 



 27    

____________________________________ Chapter 5 

5 Spaceport Policy and Law 

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. A 
number of international treaties and agreements are applicable, in addition to supranational, 
national, regional and local frameworks that regulate and legislate spaceport activities. 
However, many pertinent issues have yet to be fully addressed. Perhaps the most advanced 
regulatory framework currently in place is in the United States, where the Federal Aviation 
Administration’s Office of Commercial Space Transportation (FAA/AST) has begun to 
address spaceport issues directly (or launch or re-entry sites as they refer to them). A logical 
approach to the creation of the necessary regulations is to start by examining the civil 
aviation polices with respect to their potential application to human spaceflight. This is likely 
a strategy that will be used around the world to develop national policies to effectively, 
efficiently, safely, and legally operate spaceports. 

5.1 International Treaties 
The policies, laws, and regulations concerning the operation of a spaceport have immense 
implications for developing a commercially viable spaceport. Policies related to spaceports 
vary greatly by location and also contain numerous gaps that create challenges and 
opportunities for spaceport developers and operators. At the highest level, it is necessary to 
introduce the current international treaties concerning space access. There are currently five 
United Nations (UN) treaties that govern space-related activity (United Nations Office for 
Outer Space Affairs 2008): 
 

• The 1967 Treaty on Principles Governing the Activities of States in the Exploration 
and Use of Outer Space, Including the Moon and Other Celestial Bodies 

• The 1968 Agreement on the Rescue of Astronauts, the Return of Astronauts and the 
Return of Objects Launched into Outer Space 

• The 1972 Convention on International Liability for Damage Caused by Space 
Objects 

• The 1975 Convention on Registration of Objects Launched Into Outer Space 
• The 1979 Agreement Governing the Activities of States on the Moon and Other 

Celestial Bodies  
 
The term ‘spaceport’ is not explicitly used in any of these treaties. Nonetheless, the principles 
in each of these treaties are related. Within the 1967 Treaty on Principles Governing the 
Activities of States in the Exploration and Use of Outer Space, also known as the Outer 
Space Treaty (OST), there are five main articles that are relevant to the development and 
operation of a spaceport. Articles V, VI, VII, VIII, and IX pertain to astronaut safety, 
responsibility, liability, registration, and ground safety. The application of the UN treaties will 
be discussed below. 

5.2 National and Supranational Spaceport Policies 
Beyond the five UN treaties, spaceports should also comply with any relevant national and 
supra-national policies. Unfortunately, in many cases, these policies do not exist or they are 
insufficient. This section will discuss the national policies of current launching states with 
regards to spaceports. 
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5.2.1 United States  
The United States is currently operating under the 2006 National Space Policy (Office of 
Science and Technology Policy 2006). Within the principles of this policy, two are relevant to 
spaceports. First, the United States considers the ground segments of space capabilities vital 
to national interests. Secondly, the nation is committed to encouraging and facilitating a 
growing and entrepreneurial U.S. commercial space sector. 
 
According to U.S. federal regulations listed in Title 14, part 420, to operate a spaceport in the 
United States, the potential operator must receive a launch site operator’s license from the 
Federal Aviation Administration (FAA) through the Office of Commercial Space 
Transportation (AST). This license is valid for five years and is subject to compliance 
monitoring (Owens 2008). 

5.2.2 Europe 
In 2007 the European Commission adopted the European Space Policy endorsed by the 
European Space Council. Spaceports are explicitly mentioned in this policy in the context of 
a strategic goal dedicated to having independent and cost-effective access to space 
(Commission of the European Communities 2007). 

5.2.3 Russia 
Russia's space activities operate under the Russian Federal Space Program in accordance with 
the Space Act. In relation to spaceports, the policy emphasizes the necessity, "to perform 
integrated enhancement of the space and ground segments in the space infrastructure" 
(Roscosmos 2005). Additionally, Russia operates under a bilateral agreement with the 
European Commission to enhance cooperation, particularly in the area of space access 
(Verheugen & Perminov 2006). However, Russia's policy towards the development of any 
new spaceports and licensing remains unclear. 

5.2.4 China 
While China has no official space policy, it has issued several white papers on space activities. 
One such document, China’s Space Activities in 2006 does state that it is China’s policy to 
promote space application and accelerate the industrialization of space activities with 
emphasis on launching services and ground equipment production and operational services 
(Information Office of the State Council of the People’s Republic of China 2006). 

5.2.5 Japan 
The Fundamental Policy of Japan’s Space Activities does not specifically mention spaceports 
(Space Activities Commission 1996). In reference to launch sites, it states there is a 
possibility of formulating a new policy for managing and operating launch pads. However, 
such a policy has yet to be developed. 

5.3 UN Treaties and their Application to Spaceports 

5.3.1 Responsible State 
Space activities traditionally require significant financial investment, and are carried out by 
States rather than private entities. Additionally, relatively large risks are involved in space 
activities. This has required States to be closely involved with ensuring public safety. This is 
reflected by the UN Treaties, which classify all space activities as national activities carried 
out by States or their entities, or intergovernmental activities undertaken by 
intergovernmental organizations. 
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The OST obliges States to bear international responsibility for national activities in Article 
VI, and further requires necessary authorization and supervision of private activities to 
ensure compliance with Treaty obligations. 

5.3.2 Liable State 
A launching State is the State who launches or procures the launching of an object into outer 
space, or from whose territory or facility an object is launched (Liability Convention Article 
II - VI). The Liability Convention (1972) makes the Launching State absolutely liable to pay 
compensation for damage caused by its space object on the surface of the earth or to aircraft 
in flight. If damage is caused in space, the Launching State is liable if the damage can be 
attributed to its own fault or the fault of an entity for which it is responsible, according to 
Article VII of the Outer Space Treaty. 
 
International legal principles are relevant to the ownership and operation of spaceports in a 
number of ways. When a space access vehicle launches from a specific spaceport, the State 
where the spaceport is located may be considered as a launching state for that particular 
flight, and could therefore be liable for any damage caused by that flight in accordance with 
the Liability Convention. If such a flight is considered to be a ‘launch’ (a distinction between 
launch and takeoff should be made here as a spaceport may facilitate either) then 
exoneration from liability is available from the Liability Convention Article VII. Additionally, 
such a ‘Launching State’ may be held liable under Article VII of the OST as a result of its 
qualification as the responsible State, and specifically responsible for authorization and 
supervision of space activities. 

5.4 Specific Liability Agreements 
In the particular case of Europe’s Kourou spaceport (Figure 5-1), located in overseas 
department of France, a liability agreement was signed between France, Russia and the 
European Space Agency (ESA) (ESA n.d.). Under the new agreement, France continues to 
assume full responsibility and liability for launches of the Ariane 5 rocket but shares in equal 
measure, liability for Soyuz rockets scheduled to be launched from the Kourou site, starting 
in 2008-2009. For launches of ESA's smaller Vega rocket, France assumes one-third of the 
share of legal liability, with the remaining two-thirds to be divided among the ESA member 
nations participating in Vega (de Selding 2005). 
 

 
Figure 5-1 - Guiana Space Centre, Kourou [CNES presentation, 2006] 
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5.5 Extension of International Air Law and Principles to 
Spaceport Operations 

Aside from international space law, the application of international and national laws and 
regulations governing aviation, including air traffic control matters, must also be considered 
when planning or operating a spaceport. For this reason, the legal status of the vehicles that 
fly from the spaceport is of importance this is illustrated by the following example. In the 
United States, the Commercial Space Launch Amendments Act of 2004 grants the statutory 
authority for the federal regulations which govern all commercial space transportation 
activities in the U.S. Operating a spaceport, for example, falls under this purview. Some 
other activities associated with a spaceport, like Air Traffic functions, are provided for in 
other aviation-centric FAA regulations. Additionally, based on international treaties and 
agreements, if the vehicles that “fly” from the spaceport are “spacecraft”, then they will have 
the right to fly over the territory of other States (traversing the airspace), and would be 
entitled to the right of rescue and return (Rescue and Return Agreement 1968). Conversely, 
if the vehicles are to be considered ‘aircraft’ they will not have such a right to ‘fly’ over the 
territory of other States, unless the State of registration of the space access vehicle enjoys the 
first two freedoms of the air, as established by the Chicago Convention on International 
Civil Aviation of 1944 (the first freedom is the right to fly over the territory of another state 
party to the agreement with passengers or cargo but without landing, and the second is the 
right to land in those countries for technical reasons - as opposed to commercial ones). 
 
From a practical perspective however, and with development of the commercial space 
transportation industry in mind, the application of existing and accepted aviation regulatory 
policy principles is a potential approach. There is currently no international legal regime 
covering safety, responsibility and liability of private space transportation. Extending current 
aviation regulations to address space transport and spaceport operations can facilitate the 
development of these regulations. The international space treaties provide minimal, if any, 
guidance on these issues, and are addressed to States rather than private entities. 
 
For this functional and practical perspective, the development of a spaceport should 
consider the various Annexes to the Chicago Convention, especially Annex 14 (Aérodromes) 
but also the following areas (Jakhu & Yaw 2007):  
 

• Personnel Licensing 
• Meteorological Service for International Air Navigation 
• Aeronautical Charts 
• Aircraft Nationality and Registration Marks 
• Airworthiness of Aircraft 
• Facilitation 
• Air Traffic Services 
• Environmental Protection 
• Security - Safeguarding International Civil Aviation Against Acts of Unlawful 

Interference. 

5.6 Communications, Traffic Management and Air 
Navigation  

The spaceport must comply with the Decisions, Resolutions and Recommendations of the 
International Telecommunications Union (ITU). ITU is the leading United Nations agency 
for information and communication technologies, responsible for radio communication, 
standardization, and development. 
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The set of technical and regulatory provisions for traffic management must also be taken 
into account, ensuring safe access to outer space, operations in outer space and return from 
outer space to Earth free from physical or radio/frequency interference.  
 
More specifically, in accordance with the Chicago Convention of 1944, each contracting 
State must provide (in its territory) airports, radio services, meteorological services and other 
air navigation facilities to facilitate international air navigation. In addition, the State must 
adopt and implement the appropriate standard systems of communications procedures, 
codes, markings, signals, lighting and other operational practices and rules which may be 
recommended or established from time to time. 

5.7 Licensing 

5.7.1 Rationale for Government Licensing Procedures 
National, regional, and local governments establish licensing procedures to ensure that the 
laws passed by those governments are being followed. Licensing regimes for space activities 
are used first and foremost to ensure the safety of all spaceflight participants as well as any 
uninvolved third parties. Licenses are also used by governments to provide accountability 
should a mishap occur. 

5.7.2 Licensing Procedures Worldwide 
At present, there are no international licensing standards in place for spaceports. However, 
the regime created by the FAA in the United States for both launch and re-entry sites and 
their operators is the most established licensing system relevant to spaceports. Despite not 
explicitly using the term spaceport, the FAA licensing procedure could likely be adapted for 
use anywhere in the world (FAA 2007). 

5.7.3 Licensing in the United States 
In the United States, licenses for commercial space activities are granted by the FAA's Office 
of Commercial Space Transportation (FAA/AST). The authority for the FAA to develop 
and eventually grant licenses was established by the U.S. Congress in 1984 with the 
Commercial Space Launch Act and is upheld through various amendments, the most recent 
of which is the Commercial Space Launch Amendment Act of 2004 (United States Congress, 
2004). After the Act was passed, the FAA/AST developed a set of four types of approvals 
which include a launch license for expendable or reusable rockets, a launch site operator’s 
license, a safety approval for a particular component, system, or technique, and an 
experimental permit for reusable sub-orbital rockets. In the United States, a prospective 
spaceport operator needs only to obtain a launch site operator license.  

5.7.4 FAA Launch Site Operator License 
The process to secure an FAA Launch Site Operator License involves passing several major 
milestones: Pre-Application Consultation, Policy Review and Approval, Safety Review and 
Approval, and Environmental Review (FAA 2006). Many of the specific requirements for a 
launch site, especially with respect to the Safety and Environment Reviews, are discussed in 
greater detail in other chapters. 

5.8 Other Legal Considerations 
Many legal and regulatory issues are involved in developing a spaceport. However, given the 
infant nature of this industry, many significant issues have not yet been specifically addressed 
by the international community collectively or individually. Even the most comprehensive 
regulatory framework for spaceports in the world fails to address some of these issues 
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(FAA/AST 2008). The areas that have yet to be addressed include immigration and customs 
requirements, labor legislation adherence, and personal safety.  

5.8.1 Customs and Immigration 
The destination of a space access vehicle (SAV) that launches from a spaceport will 
determine whether or not immigration and customs requirements will be pertinent to any 
given flight.  
 
The possible destinations include: 

• Return to the launching spaceport 
• Return to another spaceport within the same country (Launching State) 
• Return to a spaceport within a Member State of the same supranational 

organization as the Launching State (such as the European Union) 
• Return to a spaceport within a country that is not a Member State of the same 

supranational organization as the Launching State 
 
For the final possible destination listed above, immigration and customs requirements should 
be met. The roles of these requirements are to govern the admissibility of people and goods 
into the destination country, taking into account economic law and policy with respect to 
cargo, and security policy and law with respect to people. A national example of such a 
policy exists in Canada where the Canadian Border Services Agency has the authority to 
“detain and/or remove any people or goods that pose a threat to Canada” (2008). 
Immigration and customs regulations are addressed in civil aviation by way of specific 
reference to the destination country of the ‘flight’ (Article 23, Chicago Convention, 
International Civil Aviation Organization 2006). One potential solution to the lack of 
legislation with regard to this issue in human spaceflight is to extrapolate civil aviation 
policies and procedures into this arena.  

5.8.2 Labor Law 
Adherence to labor laws is essential for a spaceport to function and be commercially viable 
within any given jurisdiction. As labor law and policy are often specific to the jurisdiction or 
region and may be devised and implemented at local, regional, national, supranational and 
international levels, requirements of a given location will vary widely depending upon where 
the existing or potential spaceport is located. However, there are a number of standards that 
are internationally applicable, created under the auspices of the International Labour 
Organization (ILO), an agency of the United Nations. The ILO is responsible for overseeing 
these standards and ensuring that they are being met (ILO 2007). Adherence to these 
standards should be considered a minimum requirement for any spaceport. 

5.8.3 Personal Safety 
Reducing the potential for liability will be a primary concern for any commercially viable 
spaceport. As such, one potential mitigation strategy may include obtaining informed 
consent from any individual who participates in a spaceflight. The issue of informed consent 
for spaceflight participants is discussed extensively in Chapter 7, which covers Training and 
Medical issues. For example, before the FAA/AST can issue a launch operator license, the 
spaceline operator must demonstrate that they have satisfied this requirement (FAA/AST 
2006). However, the issue of informed consent for individuals who attend the spaceport 
property but do not participate in spaceflight has not been addressed. It would likely be 
particularly onerous to obtain informed consent from every individual who wishes to enter 
any area of the spaceport property. The risk of liability does increase though for high-risk 
locations within the spaceport such as testing facilities or launch areas. It would be 
reasonable to expect that any spaceport that makes liability mitigation a priority would 
develop informed consent documentation for all high-risk areas within its property. 
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5.9 Spaceport Evaluation Mechanism Reference Table 
Table 5.1 identifies the criteria in the Spaceports Evaluation Mechanism with an explanation 
for each criterion. The sections that influence each criterion are also provided. 
Table 5.1 Spaceport Evaluation Mechanism 

Ref 
No 

Criterion 
See 

Sections 
See Also 

13 Is the spaceport subject to a regulatory framework? 5.1, 5.2, 5.5, 
5.6, 5.7, 5.8  

14 

Does the spaceport operate in accordance with principles of 
international and national aviation regulations, concerning, 
amongst other things, minimizing the effects of operations 
on air traffic, and obtaining rights of over-flight from 
neighboring States? 

5.5 2.4, 6.1.1, 
6.1.3, 8.1.3 

15 
Are the international obligations of the State within which 
the spaceport is located taken into consideration by the 
spaceport management? 

5.1  

16 Are all local, regional and national laws, including those 
required for licensing considered? 5.2, 5.7, 5.8 6.1.1, 6.1.2, 

8.8.1 

17 

Does the spaceport provide for communication radio 
frequency allocation, tracking and telemetry in accordance 
with international requirements (ITU) with respect to the 
spaceport airspace? 

5.6 2.4, 3.3, 
6.1.2 

31 Does the spaceport have a security plan? 5.5, 5.8.1 
2.4, 3.2.2, 
6.1.4, 6.2, 

7.2.3 

5.10 Conclusion 
For any potential spaceport it is necessary to ensure that there is a clear understanding of all 
applicable policies and laws and that these requirements are met and publicly acknowledged. 
In the event that a potential spaceport is located in an area where current laws are 
insufficient, the launch site operator should consider proposing a regulatory framework 
similar to existing international air laws and the national licensing processes of space nations. 
Additionally, with further research, the spaceport evaluation mechanism could be enhanced 
to include location specific policies and laws. 
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 Chapter 6 

6 Spaceport Safety and Security 

This section describes the safety and security requirements of a spaceport. The safety 
section will describe the elements critical to maintain public health and safety, and the safety 
of property during pre-launch, launch, orbital, or re-entry operations. This review will 
identify safety risks and countermeasures to reduce risk to acceptable levels. Security 
requirements will be identified based on existing measures and current regulations of 
airports extrapolated to spaceports. 

6.1 Safety 

6.1.1 Ground Safety 
A commercial space flight mission is comprised of four phases: pre-launch, launch, orbital 
and re-entry. For each mission phase the potential classes of hazards which pertain to the 
people, procedures, ground equipment, facility, and environmental elements are identified. 
 
The major hazard for ground operations would be an accident involving propellants. 
Accidents occurring prior to launch can result in on-site explosions resulting in potential 
damage or destruction of the space access vehicle or facilities within the range of the blast 
wave, as well as the dispersion of debris in the vicinity of the explosion. The types of 
accidents depend upon the nature of the propellants (Chemical Propulsion Information 
Agency 1984). In the case of cryogenic propellants, liquid oxygen alone will cause fires and 
explosive conditions; if used in association with liquid hydrogen, it can lead to very 
explosive conditions. An accident in handling storable hypergolic propellants could produce 
a toxic cloud, liable to move as a plume and affect areas beyond the boundaries of the 
facility. The risk to the public will depend upon the concentration of population in the path 
of this toxic plume and on the ability to evacuate or protect the population at risk until the 
toxicity levels are isolated. It is obviously advantageous if the winds generally blow away 
from populated areas. During the pre-launch operations, the chief hazards derive from the 
storage and handling of propellants and explosives. Procedures shall establish how to 
handle and store all hazardous materials (e.g. propellants), control and monitor 
electromagnetic emissions, and govern transportation of materials to and from the facility. 
The storage of propellants and explosives used in a space access vehicle are controlled by a 
quantity-distance criterion. Protective measures should include quantity-distance 
requirements, real-time monitoring, and operation regulations so that third-parties not 
directly involved with launch operations cannot be affected in the event of an accident 
(Patrick Air Force Base, 1984). In addition, other structural protection (e.g. hardened 
concrete), personnel protection, fire control, and emergency response measures should 
contain toxic or corrosive materials within the boundaries of the spaceport. There are also 
specific safety requirements and risks associated with ground support equipment. The 
design and use of this equipment must incorporate safety considerations. 
 
An emergency response plan must be developed and implemented for the spaceport. This 
includes the ability to carry out an emergency evacuation when there is danger to human 
life. An evacuation order is normally issued in the form of a spoken message over the 
public loudspeaker system. An evacuation route should be clearly identified with warning 
signage throughout the spaceport infrastructure. 
 
In general, spaceports should implement a set of warning and evacuation symbology. This 
includes: runway/taxiway markings and lighting requirements similar to those stated in the 
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FAA Part 139. Pavement must be free of cracks or other surface variances that may limit 
successful launch operations (FAA 2003). Surfaces should be kept clear of foreign object 
debris, mud, sand, snow, ice, and wildlife. The spaceport facility should conduct an 
ecological study of the property and surroundings to determine wildlife that may affect 
launch or re-entry operations, or pose a threat to the public or personnel of the spaceport. 
A wildlife hazard management team should perform a review how to deal with wildlife 
hazards and provide indications of the existence of such hazards (FAA 2003). The 
spaceport personnel should be trained with the knowledge and skills required to carry out 
the wildlife hazard management plan. 

6.1.2 Airspace Safety 
Failures during the very early portion of launch and ascent to orbit can be divided into two 
categories: propulsion and guidance/control. These failures could result in explosion and 
falling debris. For all launches, the boosters, sustainers and other expendable equipment are 
typically jettisoned and fall back to the Earth. Therefore, in planning a mission, care must 
be taken to keep these objects from impacting land, offshore oil platforms, aircraft and 
shipping lanes. The impact locations are normally quite predictable, so risks can be avoided 
or minimized. 
 
The real-time Range Safety Control System must accurately and reliably perform the 
following functions: (1) Continually monitor the launch vehicle performance and determine 
whether the vehicle is behaving normally or failing; (2) Track the vehicle and predict (in 
real-time) where the vehicle or pieces of the vehicle will impact in case of failure and if 
flight termination action is taken; (3) Determine if there is a need to delay or abort the 
launch or destruct the vehicle, based on a comparison of predetermined criteria with the 
current vehicle status; (4) If necessary to protect the public, send a command to abort the 
mission either by vehicle destruct or engine shutdown (Vandenberg Air Force Base 1985). 
Note that the term "destruct" is used generically in this report to denote flight termination 
actions for range safety purposes. In reality, thrust (and the flight) can be terminated on 
command for some ELV's without vehicle destruction (Baeker, 1981). 
 
Wind restrictions and other meteorological hazards (e.g. temperature inversions) must be 
considered prior to launch countdown and re-entry phase. Air traffic management should 
be aware of airspace regulations and must actively monitor to ensure that aircraft do not 
enter the space access vehicle flight pattern or vicinity (FAA 2003). The major summarized 
hazards related to airspace involve vehicle propellant explosions, falling debris in the event 
of an explosion, fires, and toxic vapor clouds.  

6.1.3 Space Access Vehicle Safety 
It is critical for the operator of the space access vehicle to consider provisions such as space 
radiation, space debris, the high vacuum environment in orbit, and the thermal loads caused 
by re-entry and by the use of cryogenic propellants. Design requirements for onboard 
equipment, such as the environmental control and life support system and space clothing, 
need to be defined. The launch vehicle operator should verify the integrated performance 
of a vehicle's hardware and software in an operational environment. Since most space 
access vehicles will have an autonomous flight control system, the control authority given 
to the pilots within the flight management system is a critical topic for the safety design 
standard. The launch vehicle operator should provide safety training to each space flight 
participant prior to flight on how to respond to any credible emergency situations, which 
may include but are not limited to cabin depressurization, fire, smoke, and emergency 
egress. Where emergency situations may be reasonably foreseen, the vehicle operator 
should implement provisions for mitigating the effects of such emergencies. Providing 
safety training to space flight participants can ensure that, should an emergency situation 
arise, space flight participants will have a chance of survival. Furthermore, proper training 
can reduce the chances of panic occurring, which could interfere with the flight crew’s 
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response to emergency situations. A vehicle launch operator must perform safety critical 
pre-flight operations that protect the public from the adverse effects of hazards associated 
with launch processing and flight of a launch vehicle. Governing environmental control and 
life support systems onboard a space access vehicle are also essential.  

6.1.4 Risk Analysis 
The safety risks of spaceports can be divided into three major categories: hazardous and 
toxic materials, technical/facilities risks, and liability risks. These risks can be assessed based 
on a standard risk matrix, shown in Figure 6-1, which provides a ranking for the risk given 
its likelihood and severity. These rankings are provided for each of the issues discussed 
below. 
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Figure 6-1 - Spaceport Safety Risk Analysis 

 
Safety risks associated with hazardous and toxic materials include examples such as 
propellant storage leaks (4D) which can result in a fire or explosion (4C) and lead to 
environmental pollution (4C). To mitigate these risks, spaceports can use reliable tanks to 
store different propellants (oxidizers and fuel) in different facilities, provide frequent 
inspection of pipes and storage facilities, and ensure adequate distance between storage 
facilities of hazardous and toxic materials and other facilities. However, if such a safety risk 
were to occur, an emergency plan is required to include access to a fire brigade and other 
emergency response services, as well as a plan to liaise between the local community about 
additional emergency services (Cape Canaveral Spaceport Management Office n.d.). 
 
The safety risks associated with technical infrastructure include launch and accident vehicle 
recovery (5D), disasters during vehicle/fueling tests (3D), runaway damage by space access 
vehicle which could lead to the loss of launch and recovery operations (including 
emergency recovery situations) (4B), and the loss or fluctuations in, the supply of utilities 
(3B). The likelihood of these risks can be mitigated by selecting launch operators with a 
successful history of vehicle flights and by ensuring the pilots are experienced. To reduce 
the risk for launch and landing accidents, the spaceport operator can ensure successful 
vehicle tests have been performed and reduce the number of personnel involved in tests. 
The spaceport infrastructure should include more than one structurally sound runway to 
mitigate the possibility of damage from the space access vehicle or other foreign object 
debris, which in turn can inhibit the launch and landing operations. Related to utilities, 
safety risks can be mitigated by providing a reliable domestic water distribution system, 
providing uninterrupted power supply (UPS), as well as back-up power and 
telecommunications redundancy (Cape Canaveral Spaceport Management Office n.d.). 
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Liability risks can be divided into four categories: Ground Operations, Space Access 
Vehicle Operations, Product Liability, and Air Traffic Management and other third parties. 
Ground operations liability incorporates operations associated with launching, servicing and 
receiving passengers, baggage and cargo. To ensure no damage is incurred on the spaceport 
territory or in the area of responsibility of the spaceport (3B), well trained personnel is 
needed. The spaceport operator is liable for any damage incurred while the space access 
vehicle is under protection, maintenance, operation, or control on the spaceport territory or 
in the area of responsibility of the spaceport operator (4B). To mitigate the risk, well-trained 
personnel, pre-flight runway inspections for wildlife of foreign object debris are just some 
examples. 
 
Spaceports must also be concerned with product liability, which requires that all aerospace 
delivered products are high quality ones (3B). This can be ensured by a comprehensive 
inspection of aerospace products used by the spaceport. 
 
Finally, Air Traffic Management and Third Party Liability deal with damage to a third party. 
This is in the event of a space access vehicle accident resulting from negligence of the 
spaceport Air Traffic Management. It also addresses damage to third party in proximity 
spaceport residential/industrial zones (5D). Mitigation can be achieved by having a well-
organized spaceport air traffic management plan and team to monitor the flight corridor 
and assess real-time weather forecasting (Sogaz Insurance 2002). 

6.2 Security 

6.2.1 Facility Security 
Spaceport security is needed for protection of on-site personnel and infrastructure. It also 
includes the protection of the installations against undesired visitors. For this purpose, a 
complete fencing of the spaceport perimeter must be undertaken. The terminal area fencing 
can prevent individuals from having easy access to the flight line and other spaceport 
facilities such as hangars, fuel depots, and navigational aid equipment. Also, security barriers 
can be installed to protect facilities such as hazardous materials storage areas, electrical 
vaults or spaceport access points on airport property (Virginia Department of Aviation 
n.d.). 
 
The normal operation of a spaceport differs significantly from an airport. The number of 
space flight participants per day is much lower in spaceports and most of the space flight 
participants remain there for more than one day. This will necessitate a specific screening 
system for the space flight participants. Measures to be adopted in a spaceport can be 
extrapolated from the screening procedures of the Transportation Security Administration 
(TSA).  
 
Another important area of security is the personnel and visitor screening and monitoring. 
Having traceability of personnel is critical for the security of the spaceport. A complete 
system of screening procedures and identification must be performed. Moreover, some 
areas of the spaceport would be restricted for designated personnel while others would be 
open-access for the public. The aim of the personnel monitoring and identification system 
is to provide concise clarification of the different types of restricted areas an employee can 
access and to monitor at every moment what the employees are doing by the identification 
of workforce members in each of the different areas of the spaceport. 

6.2.2 Accessibility 
Accessibility is a primary issue when designing the spaceport security for both infrastructure 
and day-to-day operations. Spaceports are a new type of infrastructure that has the potential 
to attract many visitors and thus generate revenue from terrestrial tourism as well as space 



 39    

tourism. An open-access concept, similar to a theme park is one option. In this design, 
many visitors can come each day to the spaceport, where they may pay an entrance fee and 
also spend money in restaurants, bars, or gift shops. This concept can be very helpful for 
the first years of operations of the spaceport, when launches are not frequent and revenue 
from other sources may be important. On the other hand, security issues can arise from 
opening the facilities to the general public. Most of the current spaceports are located on 
government property and have restricted access, limiting large-scale tourism. To gain access, 
visitors must pass inconvenient and slow security controls which result in a less efficient 
generation of revenue from ground tourism. This type of accessibility can provide more 
security to the spaceport because less people are inside the facilities at a given time, and 
complete security controls have been carried out. The launch site operator must consider 
the trade-offs between ensuring security and optimizing revenue generation.  

6.2.3 Liability of Operator-Assets 
The security of a spaceport must not only ensure the security of the installations and the 
persons within the spaceport, but must also protect the operator assets within the 
spaceport. Each operator has different concerns about their security, but the obligation of 
the spaceport is to incorporate the different issues of each one by having different levels of 
security. 
 
The different hangars where the operator-assets are housed would be a restricted area for 
most of the spaceport personnel. Depending on the preference of the operator, these 
hangars can be open to visitors in some determined method. In this case, it would be the 
obligation of the security system of the spaceport to ensure the protection of the goods 
inside it. Another option is that the operator is in charge of their own security. In that case, 
that security system should be overseen by the spaceport security.  

6.2.4 Security Levels 
It is mandatory to define the level of security needed in the spaceport. The terrorism threat 
level measurement mechanism, used by the United States, is one method of identifying 
security needs at a given time. Though it is designed by the United States, it is applicable to 
international locations. This system defines five different threat levels related to terrorism. 
Each level is defined with a color which gives guidance on the security procedures to 
perform. In each country, the national government is in charge of defining the current 
security level in the area (Department of Homeland Security, n.d.). A spaceport must also 
take into account internal security such as sabotage, theft, vandalism, or other criminal acts.  

6.2.5 Confidentiality 
As private development of spaceports and spacecraft continue, there will be growing 
interest from the public and media. With these development activities there is a need to 
protect intellectual property and trade secrets. As such, strict limitations on recording 
devices such as cameras will be imposed within certain areas of the spaceport. 
Besides, many of the medical activities performed in the spaceport will require agreements 
of confidentiality between the spaceport, on-site operators, and the space flight participant. 
The purpose of confidentiality arrangements are to ensure that information is accessible 
only to authorized persons. Mechanisms to ensure confidentiality of spaceline and business 
operations will include confidentiality agreements, secure storage of data, and standard 
practice guidelines for on-site medical operations. 

6.3 Spaceport Evaluation Mechanism Reference Table 
Table 6.1 identifies the criteria in the Spaceports Evaluation Mechanism with an 
explanation for each criterion. The sections that influence each criterion are also provided. 
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Table 6.1 Spaceport Evaluation Mechanism 

Ref 
No Criterion 

See 
Sections 

See Also 

14 

Does the spaceport operate in accordance with principles of 
international and national aviation regulations, concerning, 
amongst other things, minimizing the effects of operations on 
air traffic, and obtaining rights of over-flight from neighboring 
States? 

6.1.1, 6.1.3 2.4, 5.5, 
8.1.3 

16 Are all local, regional and national laws, including those required 
for licensing considered? 6.1.1, 6.1.2 5.2, 5.7, 5.8, 

8.8.1 

17 

Does the spaceport provide for communication radio frequency 
allocation, tracking and telemetry in accordance with 
international requirements (ITU) with respect to the spaceport 
airspace? 

6.1.2 2.4, 3.3, 5.6 

19 
Does the spaceport have the fire, HAZMAT, and Emergency 
crews (with access to emergency on-site fire station) to respond 
to any operational emergencies? 

6.1.1 2.4 

21 Is there comprehensive emergency medical response plan? 6.1.1 2.3, 7.2.1 

29 Is adequate provision made for hazardous and toxic material 
management? 6.1.1 2.3, 8.8.2 

30 Does the spaceport have a propellant management plan? 6.1.1, 6.1.4 2.3, 2.4, 
8.8.2 

31 Does the spaceport have a security plan? 
 6.1.4, 6.2 

2.4, 3.2.2, 
5.5, 5.8.1, 

7.2.3 

32 
Has the spaceport management performed a safety risk analysis 
based on identified risks for pre-launch, launch, and re-entry 
operations? 

6.1.4  

34 Is the spaceport located where suitable weather conditions meet 
the requirements of the appropriate space access vehicle?  6.1.2, 6.1.4 2.1, 2.2, 2.4, 

8.1.4 

36 
Has an emergency response plan been developed for the 
contingency situation where a failure occurs within the 
boundaries of the spaceport? 

6.1.2 2.4, 7.2.1 

40 Is the location of the spaceport publicly accessible? 6.2.2 3.2.6 

46 Is there a wildlife hazard assessment, management, and 
protection plan? 6.1.1 8.8.3 

6.4 Conclusion 
A spaceport safety and security risk management plan is required for all operations of a 
spaceport. It is critical for a spaceport to maintain the public health and safety, safety of the 
property, and to adopt security measures during pre-launch, launch, and re-entry 
operations. It is recommended that all safety and security risks be identified to adopt 
appropriate measures to reduce risks. The major safety categories for a spaceport include 
ground, air space, and space access vehicle safety. The security plan of a spaceport can be 
summarized into the following major aspects: the internal and external security of spaceport 
personnel, spaceflight participants, facilities, the protection of operator assets and clearly 
defined security levels. A probabilistic risk assessment should be adopted to characterize 
safety and security risks based on the magnitude of possible adverse consequences and 
occurrence of each consequence. It is believed that if a spaceport has the proper safety 
measures and security plan, the public would adapt the concept of commercial spaceflight 
tourism. The goal of the spaceport is to meet the needs of the operator, the public, and 
spaceflight participants while maintaining an optimum level of safety and security. 
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___________________________________ Chapter 7 

7 Spaceport Medical and 
Training 

This section provides the specific requirements in the design and operation of a spaceport 
pertaining to the health, safety and training of spaceport visitors, spaceflight participants, 
flight crew and ground crew.  

7.1 Informed Consent  
During a sub-orbital or orbital flight, passengers will be exposed to high accelerations, the 
microgravity environment and again to heavy g-loading on re-entry. The effects of these 
multiple stressors on the human body have been studied extensively and include 
cardiovascular, musculoskeletal and neurological disorders (Grenon 2008). However, these 
studies were conducted mostly on astronauts, who are extraordinarily healthy. Therefore, 
little is known about the hazards of space travel to the health of an average person. Even 
less is known about how space travel may exacerbate pre-existing medical conditions. For 
these reasons, the FAA requires that a spaceline operator inform the space flight participant 
of all risks and hazards pertinent to the space mission and obtain written informed consent 
to participate in the space flight (FAA 2005).  
 
A spaceport operator should consider obtaining informed consent from all visitors (space 
flight participants as well as non-participants) stating that they are aware of the specific risks 
and hazards of being physically present at the spaceport. In the event of a launch or space 
vehicle malfunction, visitors present on the spaceport facilities are at risk for exposure to 
hazardous material. In an emergency, the spaceport may be responsible for providing on-
site medical assistance and evacuation to the nearest tertiary care hospital.  

7.2 Medical Response Strategies 

7.2.1 On-site Medical Services  
On-site medical facilities are necessary to support the day-to-day activities of a spaceport. 
Primary spaceport medical support consists of preventive medicine, occupational medicine 
and emergency medical services. 
  
Preventive Medicine 
Preventive medicine programs provide support for spaceport personnel, spaceline crew, 
and space flight participants. Effective prevention includes employee-targeted training, 
certification, and knowledge dissemination to ensure that spaceport operations are abiding 
applicable health and safety standards. Frequent inspection and rehearsal of spaceport 
procedures are supplemental strategies to ensure compliance with standards and improve 
procedures.  
 
The preventive medicine plan should conduct spaceflight crew and participant evaluation 
programs. This approach could provide an additional revenue stream for the spaceport. 
These activities will require supporting infrastructure to conduct a Class 2 aviation medical 
exam (FAA 2003).  
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Occupational Medicine 
In addition to preventive medicine strategies, the spaceport will provide occupational 
medicine infrastructure. This will help to maintain the health and safety of spaceport 
personnel, spaceflight crew, and spaceflight participants. This infrastructure should include 
programs for screening (e.g. periodic surveillance of hearing loss in at-risk ground crew), 
acute management of on-site mishaps (e.g. treatment of toxic fuel exposure), and in situ job 
monitoring systems (in-flight and post-flight monitoring and management of spaceflight 
and microgravity related illness).  
 
The spaceport should demonstrate coordination between occupational health and 
emergency response services. This involves both documentation of on-site hazardous 
materials and rehearsed response plans in the event of exposure. Emergency services should 
have access to the locations and up-to-date health information of personnel operating with 
these materials. As such, a manifest that documents in real-time the location of personnel 
operating in high-risk areas is an essential component of integrated efforts between 
occupational health and emergency response services.  
 
Emergency Medical Services 
Spaceport activities are inherently hazardous and they require substantial supporting 
capabilities for emergency medical response. The essential components of an effective 
emergency medical response include on-site medical services, communications, search and 
rescue, and mechanisms for transfer of patients to a definitive care facility (ICAO 1991). As 
such, the spaceport should have the capability to respond to emergency medical events 
ranging from burn injuries, toxic exposures, blast trauma to flight-related illnesses.  
 
An integrated spaceport emergency response plan is essential. Development and 
implementation of a response plan should occur in co-operation with local emergency 
response teams and health care facilities. Such co-operation should document protocols for 
systematic search and rescue, triage for on-site casualties, and modes of transfer for patients 
requiring advanced care. Finally, the emergency response should undergo periodic testing 
and demonstrate redundancy in the event of system failure, i.e. demonstrate fault-tolerance 
levels that meet accepted industry standards.  
 
The on-site medical clinic should be integrated with the spaceport emergency response plan 
and provide emergency medical care to the spaceport population. Spaceport medical 
facilities should store and maintain an appropriate amount of medical supplies to treat crew 
and space flight participants in the event of an emergency. In addition, the location of the 
spaceport medical facilities should be accessible to the spaceport terminal building, to the 
general public, and to emergency transportation equipment. Regarding staffing 
requirements, a licensed physician and health care providers with certification in space and 
aviation medicine, toxic exposures, Advance Trauma Life Support and Advance Cardiac 
Life Support would be necessary. An on-site flight surgeon should be available for each 
spaceflight.  

7.2.2 In-flight Medical Management 
Spaceflight imposes significant stress on the human body, from g-forces exerted at the time 
of launch and re-entry, to microgravity effects during the flight. Therefore, rigid screening 
protocols and insurance regulations are needed to mitigate this risk, thereby reducing the 
incidence and severity of flight-related medical problems. The risk of adverse in-flight 
events may be reduced by the use of in-flight physiological monitoring. This process will 
provide ground support teams with an early warning and an opportunity to intervene prior 
to spacecraft landing. In addition, capabilities to monitor and store in-flight physiological 
parameters may also provide researchers with an expanded cohort to conduct medical 
research.  
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7.3 Medical Screening, Training Facilities, and 
Infrastructure 

7.3.1 Passengers and Flight Crew 
A spaceport needs to provide the necessary facilities and infrastructure to enable the launch 
providers (spacelines) to adequately assess the medical and training readiness of the space 
flight participants and crew. Passengers should undergo a medical screening that is 
appropriate, based on the mission profile (orbital vs. sub-orbital) and their pre-existing 
medical conditions (FAA 2005). The crew will consist of flight crew and ground crew, who 
have different and unique requirements as compared to the participants, with the most 
stringent requirements being placed upon the flight crew for obvious reasons.  
 
Considering that the two categories of potential commercial space flight are sub-orbital and 
orbital, medical screening requirements associated with each mission profile will differ. 
Although there are no existing laws or regulations, the FAA published a memorandum in 
2003, entitled Information: Guidance for Medical Screening of Commercial Aerospace Passengers. This 
memorandum provides an overview of the general medical assessment needed for orbital 
and sub-orbital passengers. For sub-orbital passengers, the document recommends the use 
of a medical history questionnaire relating to issues such as heart, circulatory disorders, 
mental disorders, surgery history, and respiratory disorders. The success of this 
questionnaire is incumbent upon the space flight participant’s provision of an honest 
response.  
 
The neurological, cardiovascular and musculoskeletal systems are at greater risks during an 
orbital flight due to the longer flight duration. The screening process for orbital passengers 
is more comprehensive and consists of the medical history assessment a focused physical 
examination and testing. This is due to the higher g-loads of re-entry from orbital flight. 
The medical history assessment is similar to the sub-orbital questionnaire but includes 
additional items such as history of pneumothorax, kidney stones, and prior exposure to 
radiation. The FAA recommends the physical examination to include vital signs, 
ophthalmological evaluation, heart, lungs, chest, and peripheral vascular system. A battery 
of medical testing is recommended in addition to the questionnaire and general 
examination. Examples of examination include chest X-rays, resting EKG, urine analysis.  
 
It should be stated that these are only guidelines of medical procedures and the launch 
vehicle operators will have their own medical standards that are expected to be more 
demanding due to liability issues. To provide the necessary infrastructure to accomplish 
these aforementioned medical screening activities, a spaceport should have a medical facility 
with diagnostic equipment and a fully trained flight surgeon and/or supporting staff and 
operate according to international health standards and procedures. Although it is not a 
requirement for all medical screening to take place at the spaceport, there should at least be 
some facilities in place for last minute pre-flight passenger assessments. Clearly the launch 
vehicle operators may choose to have comprehensive examinations and testing conducted 
at an alternative medical facility with more advanced existing infrastructure.  
 
For the space flight crew including the pilot and co-pilot, the medical screening 
requirements should be far more stringent than those for space flight participants. As a 
starting point, the Class Two medical certificate as defined by the FAA is a good rule of 
thumb for identifying the medical requirements (FAA 2008). The requirements for the 
flight crew are not dictated by the spaceport but rather by the launch provider or the civil 
aviation authority.  
 
Once the passengers and crew have completed the medical screening, the training will 
begin. The general categories of training are familiarizations with the space environment, 
vehicle, spaceport, mission, nominal and contingency operations (COMSTAC 2008). The 
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differences relate to the level of knowledge required by crew versus spaceflight participants. 
While the crew needs to understand the details of space vehicle operations, 
communications, electrical power, thermal control, passengers should receive a general 
overview of the systems as detailed understanding is not necessary and may not be feasible. 
The spaceport may provide a number of facilities to enable this training. Examples include 
simulators (static and motion-based), computer-based training, centrifuge, mockups and a 
neutral buoyancy lab. The limiting factor will be one of economics. If the budget precludes 
the spaceport from providing these facilities to the launch vehicle operators, it may be 
necessary to outsource the training to an external entity. 

7.3.2 Ground Crew and Spaceport Employees 
Another aspect of medical training includes the training required by non-medical ground 
crew be certified to provide first-aid medical response, and by the medical ground crew to 
address the specifics relating to medical capabilities. The following section deals with the 
corresponding facilities and required training.  

 
Medical resources available on the spaceport site should be permanently operational and 
compliant with standard medical care management requirements. Medical emergencies that 
may occur within the spaceport facilities will require specific training for permanent on-
ground medical crew, on direct diagnosis and interventional care. Whilst specific training 
will be necessary to manage medical emergencies occurring on ground, in-flight or post-
flight.  
 
To respond efficiently to an emergency occurring on the ground, all spaceport employees 
must be trained for triage and evacuation. Additional training will be required for ground 
medical teams to manage in-flight medical issues such as in-flight monitoring medical 
parameters of passengers, remote-guiding of in-flight medical procedures, and 
communication with pilots regarding medical issues affecting the crew. Specific ground 
crew and spaceport employee training will be required for medical intervention occurring 
post-flight for the management of an in-flight medical event or injury. This training would 
include an understanding of evacuation procedures. 
 
For US airports, the Federal Aviation Administration (FAA) recommends efficient training 
(FAA 1984, 1998). For the case of spaceports, it is suggested to extend these FAA training 
requirements to the FAA requirements related to New, Large Aircraft (FAA 1984, 1998, 
2003). 
 
Training facilities shall ensure the constant ability of the medical crew and spaceport 
employees to deal with medical issues and emergency situations (NASA n.d.), and therefore 
shall provide: 
 

• Familiarization (for spaceports employees) with or intensive training (for medical 
crew) to emergency medical services and procedures. e.g.: automated external 
defibrillator training, first aid training 

• Safety Awareness, Emergency Procedures and Facility Familiarization 
• Fire protection training program 
• Hazardous materials emergency response training program 
• Medical emergency action management training program at all levels of medical 

emergency response 
• Aircraft rescue and fire fighting training program 

 
To achieve the previous training objectives, the corresponding facilities should provide the 
possibility to perform (Columbia University 2007): 
 

• Discussion based exercises: seminars, workshops, tabletop exercises to simulate 
emergency situations, games (e.g. computer based simulators). 
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• Operation-based exercises: repetition drills: to instruct the participants on the basis 
of the execution of a scenario, functional exercises: to evaluate the capabilities of 
an emergency response system, full-scale exercises.  

 
The training facilities should be inspected regularly and evaluated through the analysis of 
the competence of the on-site personnel. 
 
In this chapter, requirements were reviewed that were deemed necessary for a spaceport to 
ensure the safety of all visitors and the training of spaceflight participants as well as flight 
and ground crew members. Based on these requirements, a set of medical and training 
criteria was proposed that should be used to evaluate and improve how safety and training 
issues should be addressed by existing or emerging commercial spaceports.  

7.4 Spaceport Evaluation Mechanism Reference Table 
Table 7.1 identifies the criteria in the Spaceports Evaluation Mechanism with an 
explanation for each criterion. The sections that influence each criterion are also provided.   

Table 7.1 Spaceport Evaluation Mechanism 
Ref 
No 

Criterion 
See 

Sections 
See Also 

21 Is there a comprehensive emergency medical response plan? 7.2.1 2.3, 6.1.1 

22 
Does the spaceport emergency health care plan have 
redundancy in the event of failure, i.e. do they demonstrate 
fault tolerance?  

7.2.1  

23 Are spaceport personnel performing operations according to 
applicable occupational health and safety standards? 7.2.1  

24 
Is there a manifest that will document in real-time the 
location of users and personnel and their proximity to areas 
of higher risk? 

7.3.2  

25 Can the spaceport management provide appropriate training 
to personnel? 7.2.1  

26 
Is informed consent obtained from personnel who may be 
exposed to hazardous areas related to space access vehicle 
operations and launch? 

7.1  

31 Does the spaceport have a security plan? 7.2.3 2.4, 3.2.2, 5.5, 
5.8.1, 6.1.4, 6.2 

33 Is there a downrange emergency recovery, search and rescue 
plan? 7.2.1 2.3, 2.4 

36 
Has an emergency response plan been developed for the 
contingency situation where a failure occurs within the 
boundaries of the spaceport? 

7.2.1 2.4, 6.1.2 

52 Is there infrastructure necessary to perform screening, 
training and flight preparation of passengers and flight crew? 7.3.1 2.4 

53 Can the spaceport provide ground-based in-flight 
physiological monitoring and medical management?  7.2.2  

7.5 Conclusion 
The health and safety of the flight crew and passengers is critical for the development of 
commercial human space flight. As the future of commercial space flight progresses from 
sub-orbital space flight to orbital flights, there will be a growing need for medical testing 
and evaluation of passengers and crew. Infrastructure to support medical testing and 
evaluation is needed and will offer a potential revenue source. Research into the 
development of evidence-based criteria for evaluation and training of commercial space 
flight participants and crew is also needed. The difference between a spaceport and an 
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airport and the need for additional health and safety criteria for a spaceport is identified. 
The health and safety requirements as well as the passenger and crew training requirements 
for a spaceport are far more stringent than the requirements commonly used for an airport. 
For these reasons, it is essential that emerging spaceports, and particularly spaceports that 
will emanate from an airport such as the Lleida spaceport, incorporate the health and safety 
criteria pertinent to a spaceport early in development.  

The health and safety of spaceport passengers and visitors is the responsibility of both the 
spaceport operator and spacelines. However, the health and safety criteria in the SEM apply 
to the spaceport operator only. In the case of the Mojave and Lleida spaceports, it is 
recommended the spaceport provide facilities necessary for the spaceline operator to train 
the passengers, but not be directly involved in passenger training. Finally, with the 
increasing number of space travelers there will be a growing opportunity to conduct human 
scientific research. Creating a Center of Excellence in aerospace medicine and training will 
attract expertise from around the world and will offer opportunities to train new flight 
surgeons and other health care professionals. 
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____________________________________ Chapter 8 

8 Spaceport Geography, 
Community, and Environment 

Community engagement is a critical aspect of any spaceport infrastructure. Without the 
consent and cooperation of the community, a spaceport may not be commercially viable or 
sustainable. This section discusses geography, risk and public acceptance, corporate and 
social accountability, community ethics and protection of the local environment. 

8.1 Geography 
The geographic location is an important consideration when proposing a commercially 
viable spaceport. Global coordinates, launch direction, local terrain and weather all impact 
the feasibility of a spaceport. 

8.1.1 Launch Site Coordinates 
Launch site latitude directly affects the accessible inclination. To directly achieve a given 
orbit without an energetically costly plane change, the launch site’s Earth latitude must be 
equal to or less than the desired inclination (Humble 1995). This means that if the desired 
orbit is a zero inclination geostationary parking orbit, the launch site must be directly on the 
equator. If the desired orbit were the ISS inclination of 51.6 degrees, any launch site at 
latitude from zero to 51.6 degrees would be able to achieve such an orbit (NASA 2004). 
This suggests that equatorial launch sites are most desirable, as they can launch into any 
orbit. If the launch site has a specific market in mind, it is advantageous to align its launch 
latitude with the target inclination. For the sub-orbital market, consideration of the 
inclination of launch does not apply. Longitude of a launch site does not impact the 
achievable orbits, only the local time of day that a given launch window may open up. 

8.1.2 Launching Direction 
Due to the rotation of the Earth, launching due East will provide the greatest advantage in 
terms of fuel savings for orbital launches at a given launch site (Pisacane 2005). A due-East 
launch will achieve an inclination exactly equal to the latitude.  

8.1.3 Local Terrain and Communities 
When considering a launch site, the local geography is also important. A specific launch 
angle (azimuth) may not necessarily be available due to downrange habitation or geographic 
features. It is of critical importance that a launch corridor not passes over densely populated 
zones. It is typically desirable for the downrange path to be un-obscured so that damage to 
the local community is minimal and recovery is easy. This has led to many spaceports being 
situated in deserts, plains or on ocean coasts. It would not be prudent to place a launch site 
west of a densely populated area, as this would eliminate the more desirable eastward 
launch azimuths for orbital launches. 
 
While the desired orbit market should not lead to a launch corridor passing over densely 
populated areas, proximity to large cities is an advantage. Being located within a one-hour 
drive from a populated zone with strong transportation infrastructure will reduce spaceport 
operating costs and initial infrastructure investment. The presence of an existing strong 
local tourism market will also improve the spaceport’s commercial viability, as spaceports 
attract tourists. However, as noted in the Environmental Impact and Assessment 
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subsection (8.7.4), proximity to local communities and noise levels is one consideration 
included in the NEPA process (FAA 2005). 

8.1.4 Weather 
Another critical consideration for launch site location is the local weather. Depending on 
the launch vehicle technology, a number of weather-related concerns could prevent launch 
or landing. High winds during a majority of the year could seriously restrict a landing of an 
un-powered spacecraft, or cause difficulty for many launch vehicle designs. The presence of 
other natural events such as thunderstorms can also be problematic, as lightning can be 
attracted by ionized particles in launch vehicles exhaust streams (Larson 1999). An 
evaluation of other natural disaster probabilities is also important. Placing the spaceport 
near an active volcano, on a dangerous fault line or in a tornado zone is not prudent. 

8.2 Risk and the Public Acceptance  
From the historical perspective of the Apollo mission, it is known that some societal 
consequences from human spaceflight, such as the profound effect of seeing the Earth as a 
whole, were unanticipated (Chaikin 2007). In considering the new paradigm of commercial 
space flight, space tourism, and the development of spaceport infrastructure, it is 
impossible to completely anticipate risks and the consequences associated with this new 
technological gain. The question remains: how can this risk and the public acceptance of 
new spaceflight advancements be managed? Although a thorough discussion of the social 
acceptability of new technologies including an assessment of public perception is beyond 
the scope of this text, evidence suggests that ethical communication strategies and 
engagement of the community and public is effective in building trust between science and 
community (Irwin 2007). 

8.3 Corporate Accountability: Workers, Community and 
Society 

In response to reducing the risk associated with corporate irresponsibility, a trend toward 
social corporate accountability has developed. Many organizations, such as Social 
Accountability International (SAI), promote human rights of workers around the world 
(SAI n.d.). Similar organizations have been key in making human rights a vital part of a 
business agenda. The civilian space transport infrastructure business must view corporate 
accountability as the key element for commercial viability.  
 
In the context of commercial viability, companies are driven by market forces and 
competition. There is still no overwhelming evidence to suggest that commercial viability as 
measured by financial indicators is impacted by a lack of social responsibility (Frankental 
2001). However, using the Challenger accident as an example, the societal impacts of 
human spaceflight cannot be ignored particularly when considering engineering and ethics 
(Lynch & Kline 2000; Stephan 2002).  

8.4 Social Accountability and Community Ethics 
The development of a spaceport will significantly affect the communities in the selected 
location. Some of these effects can lead to improvements in social and economic aspects, 
while others can have negative impacts. Nevertheless, from a socio-economic point of view, 
most of these impacts are positive for the society (Doidge 2008).  
 
One important community impact is new jobs for local residents. There will be a demand 
for technical staff as well as other profiles of workers in the following areas: 
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• Security personnel – the spaceport is a place that requires high levels of security 
and many workers will be required in this field.  

• Services – These include staff for shops, hotels, operation and maintenance 
facilities, spaceport personnel, transport personnel, and others. 

• Community outreach and museums – There will be a requirement for qualified 
staff who can teach about the spaceport’s facilities and operations to visitors.  

• Air traffic control personnel 
• Technical staff – Fuels Division Supervisors, Fire Chief/Crash Rescue Division, 

Business Operators and others 
• Construction workers 
• Personnel for other entertainment options for tourists  

 
Doidge (2008) also referred to a Futron study undertaken in 2005. In this study, Futron 
assessed potential community benefits from Spaceport America. They calculated that 
Spaceport America could create 2,460 jobs and generate $331M of economic activity a year 
in the construction phase and in the long term could generate 4,300 new jobs (expected by 
2020) (Doidge 2008). 

8.5 Economic Impact 
The benefits will come from business generated in the spaceport and from the large 
numbers of tourists coming into the region. “Tourist dollar is a new dollar injected into the 
local economy. A percentage of this new dollar is spent in the community by the recipient 
and this dollar is spent and re-spent creating a multiplier effect. The more new tourist 
dollars entering a local economy and the longer the percentage is retained locally, the 
greater the economic benefit.” (Fraser Coast n.d.) 

8.6 Increased Cost of Living 
A high number of staff will be required as new people move to communities near the 
Spaceport. Consequently, more services will be needed to support these changing 
demographics and additional housing will be required. As the housing demand increases, 
the prices, in general, will tend to increase as well. This increase in prices is a negative aspect 
of the development of a spaceport as it affects the economy of local communities.  

8.7 Education and Outreach 
The National Aeronautic Space Administration (NASA 2008a) has created a standard 
system of education and outreach that can be applied to spaceports and is shown in Figure 
1. A brief discussion of aspects of this system follows. 

8.7.1 Education 
The intent is to increase learning, to educate participants, educators and the general public 
on specific science, technology, engineering or math content areas, and to expand the 
nation’s future STEM (Science, Technology, Engineering, and Mathematics) workforce. 

8.7.2 Outreach 
The intent is to raise awareness of, or interest in, spaceports, their goals, missions and/or 
programs, and to develop an appreciation for and exposure to science, technology, research 
and exploration. Outreach can be directed at any audience including participants, teachers, 
citizen scientists, and the general public (Figure 8-1). 
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Figure 8-1 - Strategies to educate and engage the community - Education and Public Outreach Venn 
Diagram (NASA 2008a). This figure shows the inter-relatedness of different education strategies, 
both formal and informal, as well as suggestions for educational outlets. 

8.8 Environmental Assessment and Impact 

8.8.1 Environmental Policies 
There is currently a gap in international regulation on environmental protection at 
spaceports. Before planning a spaceport, national and local environmental policies must be 
consulted and environmental laws and regulations fulfilled. For example, the Office of 
Commercial Space Transportation (AST) of the Federal Aviation Authority (FAA) is the 
regulatory body responsible for the licensing of both orbital and sub-orbital rocket launches 
as well as spaceports in the United States (FAA 2007). Spaceports in the United States must 
comply with the requirements of the National Environmental Protection Act (NEPA), 
which will be the focus of the discussion of environmental policy (FAA 2001).  
 
To obtain a launch license, the spaceport must undergo the NEPA process. First, the 
spaceport must propose their intended action (i.e. to build a spaceport at the desired 
location or to launch a certain type of vehicle) and alternatives to the AST. In the case 
where AST feels as though there will be no significant impact to the site by the proposed 
action, a Categorical Exclusion document is issued and the proposed action can take place 
(FAA 2001).  
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However, if the AST determines there is a possibility of environmental impact at the 
spaceport, the AST performs an Environmental Assessment. The resulting document 
addresses many environmental issues, including a description of the affected environment 
and appropriate mitigation measures. This document either leads to a finding of no 
significant impact, meaning AST has determined there will be no significant effect on the 
environment by the proposed action, or to an Environmental Impact Statement (EIS), 
where the AST believes there will be an impact on the surrounding environment (FAA 
2001). The EIS must describe the purpose of the action, description of the environment, 
and a description of the environmental and cultural impact of the proposed action, as well 
as mitigation measures. Several parties are invited to comment on the draft EIS, including 
locally affected communities, and these comments must be responded to and are included 
in the final EIS (FAA 2001). 
 

The FAA has issued a Programmatic Environmental Impact Assessment (PEIS) outlining 
the potential effects of spaceports and space access vehicles on the environment, including 
impacts on air quality, biological resources, cultural resources, geology, health and safety, 
hazardous materials and land use (FAA 2005). Although this document does not replace 
site-specific analysis for NEPA, it provides a starting point for the NEPA process and can 
act as a guide when considering the environmental impact on the area surrounding a 
spaceport. 

8.8.2 Propellant Pollution and Hazardous Wastes 
One of the most significant impacts of a spaceport on the surrounding community is 
pollution caused by propellants. This pollution can be caused by rocket exhaust and by 
hazardous spills. According to NASA (2002) there are four classes of propellants: 
petroleum, hypergolic, cryogenic and solid. Potential environmental impacts of propellants 
and mitigation strategies should be taken into consideration. 
 

Spaceports must store, handle and dispose of many hazardous wastes in a manner 
compliant with the Environmental Protection Agency. In the case of a hazardous waste 
spill, it is critically important that the spaceport mitigates damage to the environment and 
local community by the implementation of an appropriate clean up and disposal plan (FAA 
2005). 

8.8.3 Wildlife Protection 
Guidelines for the protection of wildlife are outlined in the PEIS published by the FAA 
(2005). The wildlife of the surrounding spaceport area can be affected in several ways – by 
pollution, by loss of habitat by building or expanding a spaceport, or by noise from the 
spaceport (FAA 2005). Environments with endangered species are subject to complete EIS 
documentation to ensure their protection (FAA 2005). However, the addition of a 
spaceport to the community can be beneficial to local wildlife. The Kennedy Space Center 
doubles as a National Wildlife Refuge as it requires a large landmass to safely launch 
vehicles. It is home to several endangered species where they are safe from poaching and 
destructive recreational activities (NASA 2008b). 

8.8.4 Noise Pollution 
Noise pollution can be a significant problem for a spaceport. SAV design is the major 
determinant of the noise component in the launch and re-entry of space access vehicles and 
consequently the spaceport can only mitigate the effects. The most concerning aspect of 
space access vehicle launch and re-entry is sonic boom dispersal. However, as most space 
access vehicles will only reach these high speeds in the upper portions of the atmosphere, 
the anticipated environmental impact is minimal (FAA 2005). Another consideration for 
noise pollution for a spaceport is the loudness of engine operation, and the spaceports must 
develop a plan to mitigate these effects. Proximity to local communities and noise levels is 
one consideration included in the NEPA process (FAA 2001). 
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8.8.5 Waste Collection and Disposal 
With the understanding that a spaceport cannot be constructed close to large urban areas, 
and small rural communities will be unlikely to handle the increase in garbage and water 
waste processing associated with the addition of a spaceport, it is critical for the potential 
spaceport to have a comprehensive plan to deal with waste removal.  

8.8.6 Reducing Carbon Footprint 
A spaceport produces greenhouse gases (CO, CO2 and others) in several ways – by 
transport to and from the spaceport, during launches, and from its day-to-day operations. 
However, the spaceport can take steps in an effort to reduce its carbon footprint, including 
re-greening the area around the spaceport and minimizing the energy usage. The spaceport 
can also take steps toward using renewable energy resources. The large landmasses required 
for a spaceport allows the exploitation of geothermal, solar and wind power, and Spaceport 
America has plans to use these energy sources (Patel-Predd 2007). 

8.8.7 Other Environmental Considerations 
Other environmental issues not discussed in this report are the handling of radioactive 
materials and space debris. As there are currently no space access vehicles using radioactive 
materials during launch (only as cargo) it was determined to be beyond the scope of this 
report. Furthermore, mitigation of space debris was determined to be the responsibility of 
the operators of space access vehicles. 

8.9 Spaceport Evaluation Mechanism Reference Table 
Table 8.1 identifies the criteria in the Spaceports Evaluation Mechanism with an 
explanation for each criterion. The sections that influence each criterion are also provided: 
Table 8.1 Spaceport Evaluation Mechanism 

 
Ref. 
No 

Criterion 
See 

Sections 
See Also 

12 Is the spaceport well situated geographically to access the 
orbits/sub-orbits which are desirable to the targeted market? 8.1.1 4.2 

14 

Does the spaceport operate in accordance with principles of 
international and national aviation regulations, concerning, 
amongst other things, minimizing the effects of operations 
on air traffic, and obtaining rights of over-flight from 
neighboring States? 

8.1.3 2.4, 5.5, 
6.1.1, 6.1.3 

16 Are all local, regional and national laws, including those 
required for licensing considered? 8.8.1 5.2, 5.7, 5.8, 

6.1.1, 6.1.2 

28 Is there an environmentally sustainable plan for waste 
management and removal? 8.8.5 2.3 

29 Is adequate provision made for hazardous and toxic material 
management? 8.8.2 2.3, 6.1.1 

30 Does the spaceport have a propellant management plan? 8.8.2 2.3, 2.4, 
6.1.1, 6.1.4 

34 
Is the spaceport located where suitable weather conditions 
meet the requirements of the appropriate space access 
vehicle?  

8.1.4 2.1, 2.2, 2.4, 
6.1.2, 6.1.4 

41 
Is the spaceport situated near transportation infrastructure 
that facilitates transport outside the region 
(national/international)? 

8.1 3.2.6 

42 Is there existing local tourism infrastructure (hotels, 
attractions, etc) and can the spaceport absorb seasonal 8.5 3.1.3, 3.2.1, 

3.2.3, 3.2.4 



 55    

fluctuation in tourism activities? 

45 Does the spaceport infrastructure harmonize with the 
landscape of the location? 8.8.6 3.2.5 

46 Is there a wildlife hazard assessment, management, and 
protection plan? 8.8.3 6.1.1 

47 Has an environmental impact study been completed in 
accordance with local law? 8.8.1, 8.8.6 4.4.1 

48 Does the spaceport have a plan to minimize noise pollution 
in local community? 8.8.4  

49 Is there an ethical communication strategy that facilitates 
community feedback? 8.2, 8.7.2  

50 Does the spaceport management have a corporate social 
accountability plan? 8.3  

51 Does the spaceport promote human resource development 
within local and regional communities? 8.4, 8.5, 8.6 4.3 

8.10 Conclusion 
Community engagement is a critical aspect of spaceport infrastructure. Without the consent 
and cooperation of the community, a spaceport will not be commercially viable or 
sustainable. Issues discussed include risk and public acceptance, corporate social 
accountability, community ethics, protection of the local environment, and geographical 
considerations. Emanating from these discussions were the criteria that formed the SEM. 
 
Recommendations for future criteria for spaceports include investigations into the 
mitigation and handling of radioisotopes, the development of an international 
environmental policy for spaceports and the recommendation that spaceports strongly 
encourage spacelines to minimize the production of space debris. 
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____________________________________Chapter 9 

9 The Spaceport Evaluation 
Mechanism (SEM) 

9.1 Introduction 
This chapter will present an evaluation mechanism for assessing the commercial viability of 
a spaceport. This mechanism will identify a set of criteria based on the inter-disciplinary 
requirements discussed in Chapters 2-8. The SEM is an evaluation tool which is intended to 
be used for assessing and making recommendations on the commercial viability of existing 
operational spaceports, and also for spaceports that are potential i.e. not yet constructed or 
operational. 

9.2 Development 
Mechanism criteria were developed in seven key research areas: technical infrastructure; 
facilities; business and commercial; policy and law; safety and security; medical and training; 
geography, community, and environment. The collective mechanism criteria were presented 
to a panel of industry experts for consultation and improvement prior to development of 
SEM. Once collated, the cumulative criteria were assessed for relevance and redundancy. 
The finalized fifty-eight criteria were then consolidated to form the evaluation mechanism. 
This mechanism lists these criteria with brief descriptions highlighting their relevance and 
chapter cross-references. The collective criteria were named the ‘Spaceport Evaluation 
Mechanism’ or ‘SEM’. 

9.3 Implementation 
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 generate 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 commercial 
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. Further advancements of the mechanism are encouraged, including statistical 
analysis and a scored weighting system. 

9.4 The SEM Table 
The following table (Table 9.1) lists all the criteria in the order to be evaluated. Each 
criterion has a reference number, description and listed cross-references from Chapters 2-8. 
The section cross referenced is recommended reading which contextualize and elaborate on 
the requirements and criteria. 
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Table 9.1 SEM Table 

Ref. No Criterion Description 
Cross-

References 
Business 

1.  
 
 

Have basic business plan areas been addressed? 
 

For a business to be commercially viable, basic business plan areas 
should be addressed. These are discussed in See detailed appendix. Appendix 1 

2.  
 

 

Have financiers and multiple revenue streams 
been identified? 

Financing for any large project is an essential element of development. 
Research has shown that a spaceport will not be profitable if it only 
focuses on providing space-specific services. Other areas for non-
space specific revenue streams must be explored and included in a 
spaceport business plan e.g. test facility rental or terrestrial tourism.  

4.3, 4.4.5 

3.  Can the spaceport secure a substantial share of the 
spaceport market? 

It is a significant advantage if the spaceport has the depth and breadth 
to be a market leader.  Appendix 1 

4.  
Can the spaceport take advantage of a particular 
customer segment, and/or does it address a 
specific customer need?  

It is an advantage if the spaceport can be the market leader for a 
particular customer segment, such as vertical take-off or horizontal 
landing. 

4.2 

5.  
Are the engineering and development costs plus 
capital expenditures reasonable based on 
analogous projects? 

Spaceports are large-scale projects requiring significant capital 
investment. 

4.4.5, Appendix 
1 

6.  
Has an analysis of the business risks and costs of 
failure, including potential business interruption, 
been conducted?  

A spaceport must evaluate the possibility of failure, including what the 
failure will cost and whether or not business will be interrupted in the 
event of a failure or accident. 

4.4 

7.  Are there healthy financial ratios and financial 
figures after the ‘break-even’ point?  

Financial ratios and financial figures include: revenue - costs, current 
ratio, debt ratio, debt to equity ratio, free cash flow to operating cash 
flow, return on assets, and return on equity.  

4.4 

8.  Are there manageable quarterly expenses after the 
‘break-even’ point? 

Expenses include Cost of Goods Sold (COGS), sales and marketing 
expenses, and general and administrative expenses. Some capital 
expenditures are fixed costs and some are ongoing costs. 

4.4 

9.  Is the break-even point achievable in a reasonable 
amount of time? 

Breaking even represents the point where a commercial venture 
recovers all of its initial costs. 

4.4.1, Appendix 
1 

10.  Is a return on investment achievable in a 
reasonable amount of time? 

For a successful business proposition for a spaceport, a prompt return 
on investment should be forthcoming.  

4.4.1, Appendix 
1 

11.  Has an exit strategy been defined? A worst case scenario exit-strategy for the venture should be defined. 4.4.4 
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Ref. No Criterion Description 
Cross-

References 

12.  
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. 

4.2 
8.1.1 

Regulatory Issues 

13.  
 

 

Is the spaceport subject to a regulatory 
framework? 

Lack of a regulatory framework may cause uncertainty in planning and 
operations. If there is no regulatory framework specific to spaceports 
or space activities, regulations applicable to aviation should be used as 
guidelines, and/or consultation with aviation sector/aerospace sector 
regulators would be necessary. 

5.1 
5.2 
5.5 

14.  
 
 

 

Does the spaceport operate in accordance with 
principles of international and national aviation 
regulations, concerning, amongst other things, 
minimizing the effects of operations on air traffic, 
and obtaining rights of over-flight from 
neighboring States? 

Issues that aviation regulations govern include: air traffic management 
to ensure the space access vehicle has a free and safe airspace corridor, 
access to space without endangering local communities, and absence 
of conflict with civil aviation activities. Aviation regulations at national 
or international level also (depending on the type of space transport) 
pertain to: infrastructure requirements, warning signage and markings, 
wind indicators, building evacuation plans; and, the sovereignty of 
states over their airspace. 

2.4 
5.5 

6.1.1 
6.1.3 
8.1.3 

15.  
Are the international obligations of the State 
within which the spaceport is located taken into 
consideration by the spaceport management? 

International obligations (UN Space Treaties) of states often impact 
space activities and actions of private entities. In the event that there is 
no specific framework for regulation of space activities, the regulatory 
authority ought still to respect such obligations in their approach to 
spaceports (requiring authorization and supervision through licensing) 

5.1 

16.  

 
 

Are all local, regional and national laws, including 
those required for licensing considered? 

Environmental and planning laws, health and safety regulations, 
employment law, and ultimately licensing requirements (if provided 
for) should be taken into account. 

5.2, 5.7, 5.8 
6.1.1, 6.1.2 

8.8.1 

17.  

 

Does the spaceport provide for communication 
radio frequency allocation, tracking and telemetry 
in accordance with international requirements 
(ITU) with respect to the spaceport airspace? 

The spaceport should have its own assigned frequency, and 
appropriate tracking infrastructure. 

3.3 
5.6 

6.1.2 

Operational 

18.  
 

Is there adequate nominal and emergency 
ventilation? 

Ventilation in maintenance facilities and hangars should comply with 
local health and safety/best practices, and ensure the safety of 
occupants. 

2.4 
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Ref. No Criterion Description 
Cross-

References 

19.  

Does the spaceport have the fire, HAZMAT, and 
Emergency crews (with access to emergency on-
site fire station) to respond to any operational 
emergencies? 

The spaceport should be equipped with facilities to deal with 
operational emergencies. 

2.4 
6.1.1 

20.  Are there built-in redundant power systems for 
contingency operations? 

Certain operational activities must be maintained at all times and will 
require redundant power systems. 2.3 

21.  

 

Is there comprehensive emergency medical 
response plan? 

A comprehensive plan would include: on-site triage, immediate 
emergency facilities, and/or transport for patients to regional facilities 
with advanced healthcare. Integral to such a plan is the relationship 
with local authorities. 

2.3 
6.1.1 
7.2.1 

22.  
Does the spaceport emergency health care plan 
have redundancy in the event of failure, i.e. do 
they demonstrate fault tolerance?  

Emergency response plans require redundancy in accordance with 
industry standards in the event of systems failure. 7.2.1 

23.  
Are spaceport personnel performing operations 
according to applicable occupational health and 
safety standards? 

Given the hazards of spaceport operations, it is necessary to observe 
applicable occupational health and safety standards. 7.2.1 

24.  
Is there a manifest that will document in real-time 
the location of users and personnel and their 
proximity to areas of higher risk? 

In the event of mishap involving hazardous materials or operations, 
emergency response services require real time access to location of all 
personnel. 

7.2.1 

25.  Can the spaceport management provide 
appropriate training to personnel? 

Given the uniqueness of spaceport operations, it is essential that job-
specific training infrastructure be provided. 7.3.2 

26.  
Is informed consent obtained from personnel who 
may be exposed to hazardous areas related to 
space access vehicle operations and launch? 

Given the hazards of a spaceport, it is incumbent on the spaceport 
authority to inform the users and personnel of the risks. 7.1 

27.  Does the spaceport have sufficient access to 
utilities? 

Utilities include, but are not limited to, power generation, gas, water, 
communication, and internet. Resource usage should not affect local 
community needs. 

2.3, 2.4 

28.  Is there an environmentally sustainable plan for 
waste management and removal? 

A spaceport’s potential waste management plan must be acceptable to 
the local community and meet applicable environmental and recycling 
regulations.  

2.3, 8.8.5 

29.  Is adequate provision made for hazardous and 
toxic material management? 

A hazardous material management plan would prevent environmental 
contamination. 2.3, 6.1.1, 8.8.2 

30.  Does the spaceport have a propellant 
management plan? 

A propellant management plan would include storage, monitoring, and 
dispensing systems. 

2.3, 2.4, 6.1.1, 
6.1.4, 8.8.2 
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Ref. No Criterion Description 
Cross-

References 

31.  Does the spaceport have a security plan? 

A security plan includes: security regulations, defined 
restricted/unrestricted zones, surveillance, liaising with local 
authorities, protection against espionage, sabotage, theft, vandalism, 
terrorism or other criminal/unlawful acts. National requirements may 
also depend on the domestic security policy, as illustrated by 
requirements at airports.  

2.4, 3.2.2 
5.5, 5.8.1, 
6.1.4, 6.2, 
7.2.3, 8.4 

 

32.  
Has the spaceport management performed a 
safety risk analysis based on identified risks for 
pre-launch, launch, and re-entry operations? 

Safety risk analysis must be done to mitigate risk of injury, loss of life, 
and loss of infrastructure. 6.1.4 

33.  Is there a downrange emergency recovery, search 
and rescue plan? 

In case of downrange emergency, a procedure should be in place to 
recover a space access vehicle and its passengers/cargo. This plan 
should include coordination with local and regional authorities. 

2.3, 2.4, 7.2.1 

34.  
Is the spaceport located where suitable prevailing 
weather conditions meet the requirements of the 
appropriate space access vehicle?  

Favorable launch conditions should be present most of the year. 
Weather criteria pertaining to launch and landing operations of a given 
space access vehicle should be defined. 

2.1, 2.2, 2.4, 
6.1.2, 6.1.4, 8.1.4, 

Infrastructure 
35.  

 

Does the spaceport launch site support the 
appropriate space access vehicles?  

The spaceport launch infrastructure must be space access vehicle 
specific. Examples of launch site infrastructure that would support the 
space access vehicle would be a launch/landing pad, runway, etc. 

2.1, 2.2, 2.3 
4.2.2, 4.2.3, 4.2.4

36.  
Has an emergency response plan been developed 
for the contingency situation where a failure 
occurs within the boundaries of the spaceport? 

Emergency recovery plans of the space access vehicles at the spaceport 
(i.e. emergency landing ability, abort system capability) are necessary to 
minimize risk to passengers, cargo/payloads, and the community. 

2.4 
6.1.2, 7.2.1 

37.  
Does the spaceport have space access vehicle and 
payload specific assembly and integration 
facilities? 

The spaceport should have the capability to assemble and integrate 
payloads with specific space access vehicles.  2.4 

38.  Are there storage and maintenance facilities for 
space access vehicles? 

Storage and Maintenance facilities including hangars, warehouses are 
necessary for space access vehicle operations.  2.4 

39.  Is there capacity for future infrastructure 
expansion? 

Once the spaceport becomes established in the region and in the 
market, the capability to accommodate additional facilities and 
infrastructure will be essential. 

2.3, 4.4.1 

Location, Community, and Environment 

40.  Is the location of the spaceport publicly 
accessible? 

Public accessibility can be in the form of public transportation, private 
road access, etc. If the spaceport has multiple sites or buildings, these 
should be equally accessible. 

3.2.6, 6.2.2 
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Ref. No Criterion Description 
Cross-

References 

41.  
Is the spaceport situated near transportation 
infrastructure that facilitates transport outside the 
region (national/international)? 

Existing transportation links are beneficial as they would reduce costs 
in shipping of materials relevant to the infrastructure and its operation 
as a commercial spaceport. 

3..2.6 
4.3 
8.1 

42.  
Is there existing local tourism infrastructure 
(hotels, attractions, etc) and can the spaceport 
absorb seasonal fluctuation in tourism activities? 

Existing local tourism would provide an additional revenue stream to 
the spaceport independent of primary operations, and may alleviate the 
need to build accommodations for visitors. 

3.1.3 
3.2.1 
3.2.3 
3.2.4 
8.4 

43.  
Does the spaceport provide or intend to provide 
entertainment venues and activities for terrestrial 
tourists? 

Facilities such as a visitor center, museum, public launch viewing areas 
can increase the exposure, publicity and profitability of a spaceport. 

3.2.3, 3.2.4, 3.2.5 
4.3.1 

44.  Is there an expandable commercial airport with a 
passenger terminal on-site? 

Existing terminals should be upgradeable to accommodate space 
tourism and target specific markets. If the facility supports only ground 
tourism, an existing terminal could facilitate visitor access and cargo 
transport. 

3.2.2 

45.  Does the spaceport infrastructure harmonize with 
the landscape of the location? 

To induce a positive visual impact, the infrastructures should 
harmonize with the landscape of the location and follow local/regional 
planning guidelines, e.g. ‘green building guidelines'. 

3.2.5 
8.8.6 

46.  Is there a wildlife hazard assessment, 
management, and protection plan? 

Both in constructing the spaceport, and in future operations, there 
should not be a negative impact on local flora and fauna.  6.1.1, 8.8.3 

47.  

 

Has an environmental impact study been 
completed in accordance with local law? 

Local licensing may be dependent upon the acceptable completion of 
an environmental impact analysis. Additionally, reducing the 
environmental impact is a beneficial sustainable practice. 

4.4.1 
8.8.1 
8.8.6 

48.  
Does the spaceport have a plan to minimize noise 
pollution in local community? 
 

Spaceport noise pollution negatively impacts the local community and 
should be minimized through sound suppression techniques and 
distance. Space access vehicle operators licensed to operate at the 
spaceport must conform to noise limitations. 

8.8.4 

49.  
Is there an ethical communication strategy that 
facilitates community feedback? 
 

The spaceport must accept the responsibility to provide 
understandable, transparent and relevant information to the public; a 
process should exist for public interaction, feedback and consultation.  

8.2 
8.7.2 

50.  Does the spaceport management have a corporate 
social accountability plan? 

The organization must respect basic civil and human rights, and 
display commitment to the betterment of community. The 
organization must honor and respect local culture, language, and 
knowledge. The requirement of relocating citizens should be avoided 

8.3 
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Ref. No Criterion Description 
Cross-

References 
where possible. 

51.  
Does the spaceport promote human resource 
development within local and regional 
communities? 

The spaceport should utilize local and regional human resources where 
possible. The spaceport must inspire, engage, educate, and employ 
local and regional community members.  

4.3, 8.4, 8.5, 8.6 

Human Spaceflight 

52.  
Is there infrastructure necessary to perform 
screening, training and flight preparation of 
passengers and flight crew? 

Medical screening and spaceflight training infrastructure is a necessary 
component of human spaceflight operations, as is passenger flight 
preparation, and may serve as an additional source of spaceport 
revenue.  

2.4, 7.3.1 

53.  
Can the spaceport provide ground-based in-flight 
physiological monitoring and medical 
management?  

In the event of medical mishap on board the space access vehicle, the 
vehicle crew should have the capability to communicate with 
spaceport-based medical staff. Ground-based in-flight physiological 
monitoring capability is a necessary requirement to perform this 
function.  

7.2.2 

54.  Is there luggage storage and processing 
infrastructure? 

Luggage storage and processing infrastructure may be used as an 
additional source of spaceport revenue. This infrastructure should be 
securable. 

3.2.2 

55.  Does the spaceport have on-site food handling 
and storage infrastructure? 

Food handling and storage infrastructure may be used as an additional 
source of spaceport income. This infrastructure should comply with 
applicable food handling standards. 

3.1.3, 3.2.3 

Cargo and Satellite Operations 

56.  Are there space cargo processing facilities? 
Cargo processing facilities should include transport, processing, 
quarantine, inspection, and customs capabilities. These operations may 
serve as an additional revenue source for the spaceport. 

4.2.4 

57.  Does the spaceport provide testing infrastructure 
for space access vehicle and payload operations? 

Testing infrastructure may be used as an additional source of spaceport 
revenue, as spaceport clients typically utilize such facilities in pre-flight 
verification operations.  

2.4 

58.  Does the spaceport have a clean room? 
A clean room should be present that meets applicable industry 
standards for storage, handling, and integration of space access vehicle 
components and payloads.  

2.3 
3.1.1 
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9.5 Evaluation Mechanism Verification 
Two existing spaceports were evaluated using the SEM. This was done both to refine the 
criteria and their implementation, and also to act as a check to ensure the mechanism did 
not produce unreasonable results. The following sections discuss the findings of applying 
the SEM to the Mojave Air and Space Port, and to the Guiana Space Centre. 

9.5.1 Mojave Air and Space Port Case Study 
Mojave Air and Spaceport 
The Mojave Air and Space Port is located in southern California in the United States. In 
2004, it became the first inland facility to be licensed as a spaceport by the Federal Aviation 
Administration. The spaceport’s mission statement is to, “Foster and maintain our 
recognized aerospace presence with a principal focus as the world's premier civilian 
aerospace test center while seeking compatibly diverse business and industry” (Mojave 
Airport n.d.). 
 

The Mojave Air and Spaceport has recently experienced both triumph and tragedy: in 2004, 
it hosted the X-Prize winning flight of Scaled Composites’ SpaceShipOne, the first 
privately-built craft to be flown into outer space, and in 2007, an accident during a routine 
engine test resulted in the deaths of three Scaled Composites employees at the spaceport.  
 
Key Findings and Recommendations 
The application of the SEM to the Mojave Air and Space Port was highly effective. The 
SEM outlined the areas in which Mojave demonstrates leadership and market dominance 
within the spaceport industry. The mechanism was also helpful in identifying where Mojave 
is currently limited in its operational capacity and the potential areas for improvement.  
 

The Mojave Air and Space Port fulfilled all of the policy and law criteria, all of the 
necessary requirements for safety and security, and all criteria relating to the surrounding 
community and environment. There was insufficient publicly available information to make 
a comprehensive assessment of the business and commercial aspects of the spaceport. All 
facilities and infrastructure requirements related to the spaceport’s current focus as a 
research and development facility have been fulfilled. However, the Mojave Air and Space 
Port is lacking in the facilities, infrastructure, and operational capacity necessary to access 
new markets, including commercial human spaceflight. Although this is not in the 
spaceport’s current scope or mandate, the facility’s management is looking to expand into 
this area in the future (Witt 2008). In addition, while the spaceport can integrate payloads, 
the facility has neither the independent capabilities for satellite environmental testing nor 
clean room facilities. Although the spaceport does have the capacity to handle traditional 
cargo (i.e. luggage and packages), it is not designed as a dedicated satellite launch facility. 
Mojave’s current scope involves civil aviation and sub-orbital spaceflight. As such, it is not 
surprising the spaceport insufficiently fulfilled criteria related to orbital launch operations. 
Any attempt to become a spaceport that captures a significant portion of the orbital launch 
market would require a major shift in Mojave’s target market. 
 

Mojave is succeeding in the spaceport’s core vision as a commercial aerospace test facility 
and has expanded into other areas of business that are compatible with the facility’s chief 
activities. In the short term, it is recommended that the Mojave Air and Space Port 
continue in its current operations with the possibility of a long-term goal of supporting 
space and terrestrial tourism. Long-term expansion may include the development of 
infrastructure to support training and medical evaluation of humans for spaceflight, 
including pilots, flight crew, and spaceflight participants. However, full expansion to 
support human spaceflight would only be prudent after the establishment of a healthy space 
tourism industry and a careful assessment of the comprehensive business case for entrance 
into that market.  
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Detailed Analysis 
In the following table (Table 9.2), a detailed summary of the Mojave Air and Space Port fulfillment of the criteria is presented. 
Table 9.2 Criteria Evaluation for the Mojave Air and Space Port 

Ref. No Criterion Result Discussion and Recommendations 
Business 

1.  
 
 

Have basic business plan areas been 
addressed? 

Sufficiently 
Fulfilled Based upon discussions with the General Manager, Stuart Witt. 

2.  
 
 

Have financiers and multiple revenue 
streams been identified? 

Sufficiently 
Fulfilled 

Mojave currently has income from alternative revenue streams including cargo handling, 
film and television production, and power generation. 

3.  Can the spaceport secure a substantial 
share of the spaceport market? 

Sufficiently 
Fulfilled 

Spaceport America may impinge on Mojave´s potential sub-orbital tourism market and 
licensing for vertical launch capabilities should be assessed. 

4.  
Can the spaceport take advantage of a 
particular customer segment, and/or 
does it address a specific customer need? 

Sufficiently 
Fulfilled 

Mojave Air and Space Port is the premier location for commercial aerospace research 
and development. 

5.  
Are the engineering and development 
costs plus capital expenditures reasonable 
based on analogous projects? 

Sufficiently 
Fulfilled Based upon discussions with the General Manager, Stuart Witt. 

6.  
Has an analysis of the business risks and 
costs of failure, including potential 
business interruption, been conducted?  

Not 
evaluated 

In light of the Scaled Composites accident it is assumed that the Mojave Air and Space 
Port would have undertaken analyses for contingencies and their impact on business 
operations, but no information on their planning is available. 

7.  
Are there healthy financial ratios and 
financial figures after the ‘break-even’ 
point?  

Not 
evaluated 

Based upon personal communication, it is understood that this venture is profitable. 
However, balance sheets are not available that could corroborate this information. 

8.  Are there manageable quarterly expenses 
after the ‘break-even’ point? 

Not 
evaluated 

Based upon personal communication, it is understood that this venture is profitable. 
However, balance sheets are not available that could corroborate this information. 

9.  Is the break-even point achievable in a 
reasonable amount of time? 

Not 
evaluated 

Without an understanding of costs v. revenue, it is not possible to evaluate this 
criterion.  

10.  Is a return on investment achievable in a 
reasonable amount of time? 

Not 
evaluated 

As a privately held company, the information necessary to evaluate this criterion is 
proprietary.  
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Ref. No Criterion Result Discussion and Recommendations 

11.  Has an exit strategy been defined? Not 
evaluated There is no public information available on this topic. 

12.  
 

Is the spaceport well situated 
geographically to access the orbits/sub-
orbits which are desirable to the targeted 
market? 

Sufficiently 
Fulfilled 

Sub-orbital flights via horizontal takeoff and horizontal landing can be executed from 
any geographic location. 

Regulatory Issues 
13.  

 

Is the spaceport subject to a regulatory 
framework? 

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in question, 
this criterion must have been met.  

14.  
 
 

 

Does the spaceport operate in 
accordance with principles of 
international and national aviation 
regulations, concerning, amongst other 
things, minimizing the effects of 
operations on air traffic, and obtaining 
rights of over-flight from neighboring 
States? 

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in question, 
this criterion must have been met.  

15.  

Are the international obligations of the 
State within which the spaceport is 
located taken into consideration by the 
spaceport management? 

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in question, 
this criterion must have been met.  

16.  
 

 

Are all local, regional and national laws, 
including those required for licensing 
considered? 

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in question, 
this criterion must have been met.  

17.  

 

Does the spaceport provide for 
communication radio frequency 
allocation, tracking and telemetry in 
accordance with international 
requirements (ITU) with respect to the 
spaceport airspace? 

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in question, 
this criterion must have been met.  
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Ref. No Criterion Result Discussion and Recommendations 
Operational 

18.  Is there adequate nominal and emergency 
ventilation? 

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in question, 
this criterion must have been met.  

19.  

Does the spaceport have the fire, 
HAZMAT, and Emergency crews (with 
access to emergency on-site fire station) 
to respond to any operational 
emergencies? 

Sufficiently 
Fulfilled Aircraft rescue and firefighting operations. 

20.  Are there built-in redundant power 
systems for contingency operations? 

Sufficiently 
Fulfilled Based upon discussions with the General Manager, Stuart Witt. 

21.  

 

Is there comprehensive emergency 
medical response plan? 

Sufficiently 
Fulfilled Multiple paramedical units and a Medevac helicopter are available. 

22.  

Does the spaceport emergency health 
care plan have redundancy in the event of 
failure, i.e. do they demonstrate fault 
tolerance?  

Not 
Evaluated 

Arrangements with local facilities and emergency responders may exist but this 
information is not available.  

23.  
Are spaceport personnel performing 
operations according to applicable 
occupational health and safety standards? 

Sufficiently 
Fulfilled 

Given this spaceport is operational within and fully licensed the jurisdiction in question, 
this criterion must have been met.  

24.  

Is there a manifest that will document in 
real-time the location of users and 
personnel and their proximity to areas of 
higher risk? 

Sufficiently 
Fulfilled Based upon discussions with the General Manager, Stuart Witt. 

25.  Can the spaceport management provide 
appropriate training to personnel? 

Insufficient
ly Fulfilled

Facilities for pilot training exist but not for ground crew and personnel. It is 
recommended that further investigation be undertaken to assess whether these facilities 
are necessary or whether existing facilities can be adapted.  

26.  

Is informed consent obtained from 
personnel who may be exposed to 
hazardous areas related to space access 
vehicle operations and launch? 

Not 
evaluated 

All personnel and visitors are tracked and monitored at the facility. All testing activities 
are off-limits to non-essential personnel. Permits must be obtained for every system 
under development as well as for all hazardous materials.  

27.  Does the spaceport have sufficient access Sufficiently Water, electricity and sewage services are available through the local Public Utility 
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Ref. No Criterion Result Discussion and Recommendations 
to utilities? Fulfilled District. 

28.  Is there an environmentally sustainable 
plan for waste management and removal?

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in question, 
this criterion must have been met.  

29.  
Is adequate provision made for 
hazardous and toxic material 
management? 

Sufficiently 
Fulfilled 

This spaceport is licensed and has completed a final Environmental Assessment with 
the FAA-AST.  

30.  Does the spaceport have a propellant 
management plan? 

Sufficiently 
Fulfilled 

The spaceport was granted an exemption from the FAA for liquid propellant 
management based upon the fact that their management is not in compliance with 
regulations yet sufficient. 

31.  Does the spaceport have a security plan? Sufficiently 
Fulfilled Based upon discussions with the General Manager, Stuart Witt. 

32.  

Has the spaceport management 
performed a safety risk analysis based on 
identified risks for pre-launch, launch, 
and re-entry operations? 

Not 
evaluated Such analyses most likely exist but this information is unavailable. 

33.  Is there a downrange emergency 
recovery, search and rescue plan? 

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in question, 
this criterion must have been met.  

34.  

Is the spaceport located where suitable 
weather conditions meet the 
requirements of the appropriate space 
access vehicle?  

Sufficiently 
Fulfilled Minimal rainfall and excellent visibility for the majority of the year. 

Infrastructure 
35.  

 

Does the spaceport launch site support 
the appropriate space access vehicles?  

Sufficiently 
Fulfilled 

This spaceport currently only handles space access vehicles with horizontal takeoff and 
landing capabilities. 

36.  

Has an emergency response plan been 
developed for the contingency situation 
where a failure occurs within the 
boundaries of the spaceport? 

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in question, 
this criterion must have been met.  

37.  
Does the spaceport have space access 
vehicle and payload specific assembly and 
integration facilities? 

Sufficiently 
Fulfilled 

Currently, WhiteKnight 1 is being utilized to carry a variety of payloads into space. The 
integration of the payloads occurs on-site at Mojave. 
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Ref. No Criterion Result Discussion and Recommendations 

38.  Are there storage and maintenance 
facilities for space access vehicles? 

Sufficiently 
Fulfilled 

Mojave is a leading storage facility for many of the world’s largest aircraft 
manufacturers. 

39.  Is there capacity for future infrastructure 
expansion? 

Sufficiently 
Fulfilled 

There is an abundance of available real estate surrounding the existing spaceport for 
potential development. 

Location, Community, and Environment 

40.  Is the location of the spaceport publicly 
accessible? 

Sufficiently 
Fulfilled 

There is direct highway connectivity with California State highways as well as the US 
Interstate system. 

41.  

Is the spaceport situated near 
transportation infrastructure that 
facilitates transport outside the region 
(national/international)? 

Sufficiently 
Fulfilled The transportation infrastructure includes highways, railways and air transport. 

42.  

Is there existing local tourism 
infrastructure (hotels, attractions, etc) and 
can the spaceport absorb seasonal 
fluctuation in tourism activities? 

Sufficiently 
Fulfilled 

Mojave is located less than 100 miles (160 kilometers) from Los Angeles, California. In 
addition, there are multiple national and state parks nearby.  

43.  
Does the spaceport provide or intend to 
provide entertainment venues and 
activities for terrestrial tourists? 

Insufficient
ly Fulfilled

Facilitating terrestrial tourism is not currently planned. This will affect its commercial 
viability as a tourist destination.  

44.  Is there an expandable commercial 
airport with a passenger terminal on-site? 

Sufficiently 
Fulfilled 

There is funding attached to a development plan that includes the construction of a new 
passenger terminal. 

45.  
Does the spaceport infrastructure 
harmonize with the landscape of the 
location? 

Insufficient
ly Fulfilled

As a research and development facility and operational airport, the facility was not 
designed with aesthetics in mind. 

46.  Is there a wildlife hazard assessment, 
management, and protection plan? 

Sufficiently 
Fulfilled 

This spaceport is licensed and has completed a final Environmental Assessment with 
the FAA-AST.  

47.  

 

Has an environmental impact study been 
completed in accordance with local law? 

Sufficiently 
Fulfilled 

This spaceport is licensed and has completed a final Environmental Assessment with 
the FAA-AST.  

48.  
Does the spaceport have a plan to 
minimize noise pollution in local 
community? 

Sufficiently 
Fulfilled 

This spaceport is licensed and has completed a final Environmental Assessment with 
the FAA-AST.  

49.  Is there an ethical communication Sufficiently The East Kern Airport District is a public body with elected Board of Directors. They 
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strategy that facilitates community 
feedback? 

Fulfilled frequently hold meetings that are open to community members and the minutes of 
these meetings are published online. 

50.  Does the spaceport management have a 
corporate social accountability plan? 

Not 
evaluated A corporate social accountability plan is not published. 

51.  
Does the spaceport promote human 
resource development within local and 
regional communities? 

Sufficiently 
Fulfilled 

The spaceport supports the Intermediate Space Challenge for students and houses a test 
pilot training facility. 

Human Spaceflight 

52.  

Is there infrastructure necessary to 
perform screening, training and flight 
preparation of passengers and flight 
crew? 

Insufficient
ly Fulfilled

The pilot training facility is not currently usable for spaceflight crew and participant 
training. This capability will need to be developed if large-scale commercial spaceflight is 
to be launched from this facility. 

53.  
Can the spaceport provide ground-based 
in-flight physiological monitoring and 
medical management?  

Insufficient
ly Fulfilled

This capability will need to be developed if large-scale commercial spaceflight is to be 
launched from this facility. 

54.  Is there luggage storage and processing 
infrastructure? 

Not 
evaluated The terminal currently proposed to be constructed may provide for this criterion. 

55.  Does the spaceport have on-site food 
handling and storage infrastructure? 

Sufficiently 
Fulfilled There is a restaurant on the spaceport property. 

Cargo and Satellite Operations 

56.  Are there space cargo processing 
facilities? 

Sufficiently 
Fulfilled Mojave can accommodate the largest cargo planes currently in use worldwide. 

57.  
Does the spaceport provide testing 
infrastructure for space access vehicle 
and payload operations? 

Insufficient
ly Fulfilled

Individual tenants may have the necessary environmental testing facilities but the 
spaceport itself does not have such infrastructure. 

58.  Does the spaceport have a clean room? Insufficient
ly Fulfilled Individual tenants have clean rooms but the facility itself does not have a clean room. 
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9.5.2 Guiana Space Center (GSC) Kourou, French Guiana Case Study 
Guiana Space Center (GSC) 
Europe's Spaceport is situated in the northeast of South America in French Guiana, an overseas 
department of France. The ownership and operation of the spaceport in Kourou is the concern 
of a combination of international agencies such as the European Space Agency (ESA) and 
national agencies such as Centre National d´Etudes Spatiales (CNES), and has multiple 
stakeholders including European banks and Companies such as European Aeronautic Defence 
and Space Company (EADS). The site itself, Guiana Space Center (GSC) is shared with ESA, 
which is the principal financier. The spaceport serves defence, science and technology customers. 
Commercial launches are managed by Arianespace, Ltd.  
 

Key Findings and Recommendations 
The GSC has satisfactorily fulfilled all criteria regarding regulatory issues, infrastructure and most 
operational issues. Kourou does not currently have the operational capacity for human 
spaceflight but otherwise fulfills operational criteria regarding cargo and satellite launches, which 
is the current scope of the GSC. Extra launch facilities for Vega are already being installed to 
accommodate the Soyuz launch system, which may, with modification, support manned space 
flight (CNES n.d.). This would make certain criterion applicable that are currently not yet 
fulfilled. For example, there is no appropriate spot for landing, there is forest rather than desert, 
and the return to earth will be complicated if a sea landing is required. 
 
The GSC has an extensive environmental monitoring plan; however, the spaceport itself is not in 
harmony with the surrounding environment (CNES n.d.). It is recommended that the GSC 
increase efforts to re-green the area around the spaceport in a way that does not interfere with 
operations. Additionally, a more transparent communication strategy is recommended. Should 
unexpected problems occur, potential risk to human life is minimized at Kourou since French 
Guiana is scarcely populated. Furthermore, the site is in a relatively safe location since the chance 
of cyclones and earthquakes is almost nonexistent (ESA 2007). 
 
Kourou’s near equatorial location makes it ideal for launching satellites into geostationary 
transfer orbit. For the launch vehicle, the geography allows for maximum velocity augmentation 
from the Earth’s rotation and for the satellite, very few satellite trajectory changes are necessary 
to get the satellite into its final orbit. These advantages cut down on complexity and needed 
rocket and satellite propellant, thus saving cost. Furthermore, Kourou’s location also allows for a 
launch angle of 102°. This launch angle allows for the possibility of launching to all possible 
orbits, thus making it well placed to “carry out all possible space missions.” (ESA 2007) 
 
The GSC does not fulfill many of the business criteria. Although Kourou has many customers, 
and, with ESA at its disposal has resources for its management team, its long-term plan for its 
business is uncertain. Although it will not break-even financially in the near future, it is unclear 
whether this is a focus for the spaceport (CNES 2007). The spaceport does not currently 
undertake activities involving sub-orbital (or orbital) space tourism and transport. 
 
The spaceport is not situated well for high levels of tourism. As the GSC currently focuses on 
cargo launches, this isolation is advantageous, but if they plan on incorporating space tourism 
into their business plan, this isolation is disadvantageous. In the future, the possibility that sub-
orbital vehicles utilize horizontal take-off may outnumber traditional vertical launch vehicles. In 
such a scenario, it is unlikely that Kourou would be able to dominate the market for spaceport 
services.  
 
However, the SEM results indicate the GSC fills its market niche exceptionally. Expansion into 
space tourism and a more concrete business plan would set Kourou up to be a leader in the 
commercial space industry in the 21st century. 
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Detailed Analysis  
In the following table (Table 9.3), a detailed summary of the Guiana Space Centre’s fulfillment of the criteria is presented. 
Table 9.3 Criteria Evaluation for the Guiana Space Centre 

Ref. No Criterion Result Discussion and Recommendations 
Business 

1.  
 
 

Have basic business plan areas been 
addressed? 
 

Insufficiently 
Fulfilled 

The future direction of the spaceport is uncertain, and ultimately must be approved by 
ESA. Is the future of Kourou focused on flying experiments for ESA or making 
money? If the latter, it should consider building a runway for horizontal launch sub-
orbital vehicles. Other sub-criteria for this question pass unequivocally. 

2.  
 

 

Have financiers and multiple 
revenue streams been identified? 

Sufficiently 
Fulfilled 

Kourou has long-term backing and investment from France and the European Space 
Agency. 

3.  
Can the spaceport secure a 
substantial share of the spaceport 
market? 

Sufficiently 
Fulfilled 

Kourou’s location also allows for a launch angle of 102°. This launch angle allows for 
the possibility of launching to all possible orbits, thus making it well placed to “carry 
out all possible space missions.” (European N.D.) In the future, the possibility that 
sub-orbital vehicles which utilize horizontal takeoff may outnumber traditional vertical 
launch vehicles. In such a scenario, it is unlikely that Kourou would be able to 
dominate the market for spaceport services since they do not currently have a runway 
to accommodate horizontal launch vehicles. Kourou does have enough land area to 
build such a runway if they chose to position themselves to accommodate sub-orbital 
customers. 

4.  

Can the spaceport take advantage of 
a particular customer segment, 
and/or does it address a specific 
customer need?  

Sufficiently 
Fulfilled Kourou is ideal for launching satellites into geostationary transfer orbit. 

5.  

Are the engineering and 
development costs plus capital 
expenditures reasonable based on 
analogous projects? 

Insufficiently 
Fulfilled 

More than 1.6 billion Euros already allocated to the spaceport are significantly larger 
upfront cost compared to the projected numbers of the New Mexico spaceport and 
Spaceport Singapore. 

6.  Has an analysis of the business risks 
and costs of failure, including 

Sufficiently 
Fulfilled 

Should unexpected problems occur, potential risk to human life is minimized at 
Kourou since French Guiana is scarcely populated. Furthermore, the site is in a 
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Ref. No Criterion Result Discussion and Recommendations 
potential business interruption, been 
conducted?  

relatively safe location since the chance of cyclones and earthquakes is almost 
nonexistent. 

7.  
Are there healthy financial ratios and 
financial figures after the ‘break-
even’ point?  

Insufficiently 
Fulfilled 

In 2005, the spaceport made 180 million euros in yearly revenue. Average yearly costs 
are only 124 million euros, so the spaceport is making money which is healthy. 
However, if more yearly revenue were generated perhaps break-even and return on 
investment would occur within a more reasonable amount of time. 

8.  
Are there manageable quarterly 
expenses after the ‘break-even’ 
point? 

Potentially 
fulfilled 

The spaceport spent 617 million Euros from 2002 – 2006, for an average quarterly 
expense of about 31 million euros. Given that the average yearly costs are less than 
the yearly revenue, this could be considered reasonable. However, if these costs were 
lower, perhaps break-even and return on investment would occur within a more 
reasonable amount of time. 

9.  Is the break-even point achievable in 
a reasonable amount of time? 

Insufficiently 
Fulfilled 

The Kourou spaceport funding was and is mostly ensured by public money (ESA). 
Regarding return on investments, given the invested money (1.6 billion US$ up to 
today), it is highly probable that the return of investments/break-even point will not 
be achieved before a long time, especially as some money is still invested nowadays. 
However this spaceport results from the European will to have an independent access 
to space. As a consequence it is very likely that ESA will pay for the spaceport costs 
even if it is not profitable. 

10.  Is a return on investment achievable 
in a reasonable amount of time? 

Insufficiently 
Fulfilled 

It will take more than 42 years just to reach the break-even point. Return on 
investment will come much later than this – much too long. 

11.  Has an exit strategy been defined? Sufficiently 
Fulfilled 

This spaceport is considered highly strategic by European countries as it guarantees an 
independent access to space. It is likely that ESA will continue to invest money in it 
even if the launch business goes sour. France will also participate as most of area and 
even the whole Guiana depends on this spaceport. 

12.  
 

Is the spaceport well situated 
geographically to access the 
orbits/sub-orbits which are 
desirable to the targeted market? 

Sufficiently 
Fulfilled Kourou is ideal for launching satellites into geostationary transfer orbit. 

Regulatory Issues 
13.  

 

Is the spaceport subject to a 
regulatory framework? 

Sufficiently 
Fulfilled 

The spaceport is the subject of Bilateral Agreements between CNES and ESA, Russia 
and CNES which deal with many issues including liability and responsibility. Space 
activities in France are also governed by National Space Law. 
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Ref. No Criterion Result Discussion and Recommendations 

14.  
 
 

 

Does the spaceport operate in 
accordance with principles of 
international and national aviation 
regulations, concerning, amongst 
other things, minimizing the effects 
of operations on air traffic, and 
obtaining rights of over-flight from 
neighboring States? 

Sufficiently 
Fulfilled 

The location of the spaceport facilitates non-interference with commercial aviation 
because it is in a relatively remote area, with only a small airport 60km away, with 
which it coordinates for the purposes of launch. Additionally, the safe use of the 
airspace for the purpose of launch is facilitated by the status of the territory (and 
therefore airspace) as a French department, and the fact that the spaceport is a 
national/international organization concern. 

15.  

Are the international obligations of 
the State within which the spaceport 
is located taken into consideration 
by the spaceport management? 

Sufficiently 
Fulfilled 

The ownership and operation (by CNES and ESA) of the spaceport means 
compliance with UN Treaties including the Rescue and Return Agreement the 
Liability Convention and the Registration Convention at France has ratified these, wile 
ESA has declared its acceptance of principles and intention to be bound by its 
obligations. The spaceport must therefore only be used for peaceful purposes in 
accordance with the ESA definition, contained in ESA’s Treaty of Establishment in 
Article II. 

16.  

 
 

Are all local, regional and national 
laws, including those required for 
licensing considered? 

Sufficiently 
Fulfilled This is required for licensing of the spaceport. 

17.  
 

Does the spaceport provide for 
communication radio frequency 
allocation, tracking and telemetry in 
accordance with international 
requirements (ITU) with respect to 
the spaceport airspace? 

Sufficiently 
Fulfilled 

The radio frequency and tracking telemetry are in accordance with international 
requirements and are used to assure the success of current commercial missions. 

Operational 

18.  Is there adequate nominal and 
emergency ventilation? 

Sufficiently 
Fulfilled 

Given this spaceport is operational and fully licensed within the jurisdiction in 
question, this criterion must have been met. 

19.  

Does the spaceport have the fire, 
HAZMAT, and Emergency crews 
(with access to emergency on-site 
fire station) to respond to any 

Sufficiently 
Fulfilled 

Yes. The safety of the spaceport is provided by the local police force with the help of 
the Foreign Legion. A specific firefighter crew from Paris, France is located near the 
launch pad and the technical facilities to be ready to step in case of emergencies. 
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Ref. No Criterion Result Discussion and Recommendations 
operational emergencies? 

20.  Are there built-in redundant power 
systems for contingency operations? 

Sufficiently 
Fulfilled There is an emergency power grid on-site. 

21.  

 

Is there comprehensive emergency 
medical response plan? 

Sufficiently 
Fulfilled 

Fire brigade and medical response on-site. For big emergencies, evacuated to 
Cayenne. 

22.  

Does the spaceport emergency 
health care plan have redundancy in 
the event of failure, i.e. do they 
demonstrate fault tolerance?  

Sufficiently 
Fulfilled Sauvegarde defines evacuation strategy in the case of a launch failure. 

23.  

Are spaceport personnel performing 
operations according to applicable 
occupational health and safety 
standards? 

Sufficiently 
Fulfilled Compliance dictated by law. 

24.  

Is there a manifest that will 
document in real-time the location 
of users and personnel and their 
proximity to areas of higher risk? 

Sufficiently 
Fulfilled 

A specific crew is in charge to control and regulate the flow of people in each are and 
each building. If an area is considered high risk with restriction in terms of number of 
people, access would be denied. Checkpoints and gates throughout site with specific 
access. 

25.  
Can the spaceport management 
provide appropriate training to 
personnel? 

Sufficiently 
Fulfilled 

Facilities for training space tourists does not exist at this time and must be considered 
if the spaceport expands into the space tourism market. 

26.  

Is informed consent obtained from 
personnel who may be exposed to 
hazardous areas related to space 
access vehicle operations and 
launch? 

Sufficiently 
Fulfilled Personnel must undergo examination before working in specific hazard areas. 

27.  Does the spaceport have sufficient 
access to utilities? 

Sufficiently 
Fulfilled 

The site was developed and originally designed for the spaceport therefore 
infrastructure for utilities is in place. 

28.  
Is there an environmentally 
sustainable plan for waste 
management and removal? 

Sufficiently 
Fulfilled 

Spaceport is managing wastes well although until recently there were issues with waste 
management in the local community. 

29.  Is adequate provision made for Sufficiently See recommendation from 26. 
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Ref. No Criterion Result Discussion and Recommendations 
hazardous and toxic material 
management? 

Fulfilled 

30.  Does the spaceport have a 
propellant management plan? 

Sufficiently 
Fulfilled See 26. Includes launch and post-launch observation sites. 

31.  Does the spaceport have a security 
plan? 

Sufficiently 
Fulfilled 

Security plan available and online for review. Access to some areas is restricted at 
Kourou for both security and safety purposes. 

32.  

Has the spaceport management 
performed a safety risk analysis 
based on identified risks for pre-
launch, launch, and re-entry 
operations? 

Sufficiently 
Fulfilled 

A safety risk analysis has taken place. Risk Assessment teams regularly carry out 
checks. 

33.  Is there a downrange emergency 
recovery, search and rescue plan? 

Insufficiently 
Fulfilled 

Currently not equipped to handle human flight. Must develop a search and rescue 
plan before beginning human launches. 

34.  

Is the spaceport located where 
suitable weather conditions meet the 
requirements of the appropriate 
space access vehicle?  

Sufficiently 
Fulfilled 

No cyclones or earthquakes. Extensive meteorological tracking system. However, the 
climate is humid and therefore must be taken into account in spacecraft design. 

Infrastructure 
35.  

 

Does the spaceport launch site 
support the appropriate space access 
vehicles?  

Sufficiently 
Fulfilled 

Yes, appropriate launch pads have been built for each of the Ariane 5, Vega and 
Soyuz vehicles. 

36.  

Has an emergency response plan 
been developed for the contingency 
situation where a failure occurs 
within the boundaries of the 
spaceport? 

Sufficiently 
Fulfilled 

The spaceport has plans and infrastructure in place for this type of situation and 
trained personnel ready to assist. 

37.  
Does the spaceport have space 
access vehicle and payload specific 
assembly and integration facilities? 

Sufficiently 
Fulfilled 

The propellant is integrated into the launcher in the Booster Integration Building 
(BIP) after being tested at the Booster Engine Test Stand (BEAP). They may be 
transferred on pallets, by train or with a specially designed 180 tonnes, mobile 
platform. The lower part of the launcher is both tested and integrated at the Launcher 
Integration Building (BIL). The launch table used has a total weight of 870 tonnes.  
The total launcher is completely integrated at the 90m high, Final Assembly Building 
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Ref. No Criterion Result Discussion and Recommendations 
(BAF). The satellites and other payloads are also integrated here after being prepared 
at the Satellite Preparation Facility. GSC has launch facilities for both the Ariane and 
Vega launch vehicles. Preparations are being made to allow Soyuz launchers to use the 
spaceport in the near future. 

38.  Are there storage and maintenance 
facilities for space access vehicles? 

Sufficiently 
Fulfilled See criteria 37 discussion. 

39.  Is there capacity for future 
infrastructure expansion? 

Sufficiently 
Fulfilled 

The area of Kourou spaceport is equivalent to the area of Martinique: 760 km2 with 
50 km of coast. So allows much space to develop new facilities like a runway for 
example. 

Location, Community, and Environment 

40.  Is the location of the spaceport 
publicly accessible? 

Insufficiently 
Fulfilled 

The international airport serving French Guiana is at Rochambeau, 17 kms from 
Cayenne 

41.  

Is the spaceport situated near 
transportation infrastructure that 
facilitates transport outside the 
region (national/international)? 

Sufficiently 
Fulfilled 

The spaceport is located near the small international airport, Rochambeau. and has 
good accessibility by sea with a corresponding port. 

42.  

Is there existing local tourism 
infrastructure (hotels, attractions, 
etc) and can the spaceport absorb 
seasonal fluctuation in tourism 
activities? 

Insufficiently 
Fulfilled 

Isolated community not currently equipped for high volumes of tourist. However, as 
this is primarily a cargo-launching facility, this may not apply. 

43.  

Does the spaceport provide or 
intend to provide entertainment 
venues and activities for terrestrial 
tourists? 

Sufficiently 
Fulfilled 

There is a space museum located on site, and public visits are offered by the spaceport 
daily (except on launch days). 

44.  
Is there an expandable commercial 
airport with a passenger terminal on-
site? 

Sufficiently 
fulfilled 

See criterion 41 discusion. Note however, that there is a landing strip of 1.25km on 
site at the spaceport. This is not commercial, has restricted use, and no passenger 
terminal. In the event of expansion, landing rights would have to be coordinated. 

45.  
Does the spaceport infrastructure 
harmonize with the landscape of the 
location? 

Insufficiently 
Fulfilled Extensive forest clear cutting around the spaceport. 
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46.  Is there a wildlife hazard assessment, 
management, and protection plan? 

Sufficiently 
Fulfilled Performs environmental assessments on an annual basis and has a wildlife reserve.  

47.  

 

Has an environmental impact study 
been completed in accordance with 
local law? 

Sufficiently 
Fulfilled Performs environmental assessments on an annual basis. 

48.  
Does the spaceport have a plan to 
minimize noise pollution in local 
community? 

Sufficiently 
Fulfilled Isolated therefore not concerned with disrupting local community. 

49.  
Is there an ethical communication 
strategy that facilitates community 
feedback? 

Insufficiently 
Fulfilled No published communication strategy available. 

50.  
Does the spaceport management 
have a corporate social 
accountability plan? 

Sufficiently 
Fulfilled Partnership agreements exist between Guiana communes and CNES. 

51.  
Does the spaceport promote human 
resource development within local 
and regional communities? 

Sufficiently 
Fulfilled Potential and ongoing programs to increase development of local community. 

Human Spaceflight 

52.  

Is there infrastructure necessary to 
perform screening, training and 
flight preparation of passengers and 
flight crew? 

Sufficiently 
Fulfilled There are medical staff training and passenger/crew facilities. 

53.  

Can the spaceport provide ground-
based in-flight physiological 
monitoring and medical 
management?  

Sufficiently 
Fulfilled There is a network of Northern and Eastern Downrange Stations for TT&C. 

54.  Is there luggage storage and 
processing infrastructure? 

Insufficiently 
fulfilled 

The spaceport is currently not being used for human spaceflight therefore only 
payload, launch vehicle and infrastructure cargo facilities are available. 

55.  
Does the spaceport have on-site 
food handling and storage 
infrastructure? 

Insufficiently 
fulfilled 

There is some infrastructure in place but it is only for personnel of the spaceport and 
of a small scale. Much larger facilities are required for human spaceflight. 
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Cargo and Satellite Operations 

56.  Are there space cargo processing 
facilities? 

Sufficiently 
Fulfilled Cargo receiving facilities exist. 

57.  
Does the spaceport provide testing 
infrastructure for space access 
vehicle and payload operations? 

Sufficiently 
Fulfilled Performs environmental assessments on an annual basis. 

58.  Does the spaceport have a clean 
room? 

Sufficiently 
Fulfilled Clean rooms exist.  
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_________________________________ Chapter 10 

10 Lleida Case Study 

10.1 Introduction 
Lleida has been chosen as a case study to determine the suitability of the SEM presented in 
chapter 9. Lleida is developing an airport and is considering expansion plans to incorporate 
a spaceport in the airport environment. This case study provides opportunity to apply SEM 
to a non-existing spaceport. 

10.2 Lleida 
Lleida is on one of the most well-traveled roads connecting the Iberic Peninsula with 
Europe. It is connected with the biggest cities of Spain like Barcelona (within two hours 
distance), Madrid (within 3 hours distance), and also with France by an extended network 
of railways. The “eix transversal” highway network provides a high-speed connection 
between Central Catalonia's main towns (Barcelona and surrounds, Manresa, Ripoll, among 
others) and Northeastern and Western Catalonia. To travel from Lleida to Barcelona by 
road, it takes one hour and forty minutes and by rail 59 minutes. The highway network also 
connects Lleida with the ports in Tarragona and Barcelona. Lleida’s advantageous crossroad 
position will be soon enhanced by the construction of an airport in the neighboring town 
of Alguaire and the Lleida-Huesca dual carriageway, over which there is relatively little air 
traffic (Lopez-Urdiales 2008). 
 
Lleida is in one of the most mountainous provinces in Catalonia, Spain, and is the capital 
city of the “comarca” (county) Segrià. The city of Lleida is situated at a longitude of 0º 38’ 
East and latitude of 41º 36’ North. The average altitude is 155 meters above sea level and 
its municipal area extends to 21171 km2.  
 
The economy of the region is mainly dependent on agriculture (Benitez-Florejachs 2000). 
Tourism is also one of the exploited resources of Lleida. Tourists can enjoy an extensive 
variety of activities in this province, from gastronomical routes to wine tourism, from 
health tourism to extreme sports. Several spa centers around the Pyrenees offer native 
therapies and mountain biking, climbing, drag racing or bungee jumping can be practiced in 
the province.  
 
Within the boundaries of Lleida city, there are natural areas unique in size and ecological 
value (Lleidatur 2008). The city also offers a large amount of Cultural activities. Numerous 
museums provide extensive insights about various cultural fields: Lleida Museum, the 
“Jaume Morera Art Museum”, The Panera Art Center, The “Roda Roda” Museum or the 
Chamber of Commerce are only of few among others.  
 
In terms of science and technology, there is the centrally located PCiTAL (Lleida Agro-
feeding Technology and Science Park) which houses representatives of companies from the 
technology sector and is a key component in the local economy. The Park will probably 
welcome a new Cosmo Caixa Museum approximately in 4 years, which will possibly be 
strictly dedicated to Space Technologies and Space Sciences (Domingo 2008). 
 
Concerning airspace activities, most airports in Spain are managed by Aena, a global 
operator of airport services and air navigation. The Alguaire airport will be the first 
commercial airport in Catalonia managed “La Generalitat de Catalonia” of the Catalan 
Government. The Government is currently promoting a new commercial airport policy to 
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revitalize the economy of the area. Regulatory procedures have been streamlined for 
planning, management and control of airports and heliports (Government of Catalan 2007).  
 
The Alguaire airport currently being built at approximately 20 minutes away from Lleida 
will have a total area of 367 hectares, a 2.5km long (that could be extended in the future to 
3Km) and 45m wide runway. The parking area will be around 30.600 m². The public 
investment in the Alguaire Airport approximately amounts to 65 Million Euro, and the 
private is expected to be around 30-40 Million Euros, though the exact figure is not certain 
yet (Government of Catalan 2007).  
 
In conclusion, the high amount of resources, technological investments like the 
development of the Technological Park and Alguaire Airport, combined with good 
connections with the closest main cities in Catalonia, makes Lleida a privileged good 
candidate for the development a spaceport.  

10.3 Evaluation Mechanism Recommendations 

10.3.1 Introduction and Instructions 
The evaluation mechanism is herein used to elaborate upon recommendations intended to 
enable the spaceport operator to meet the requirements of a viable spaceport. The available 
information released by Lleida airport operators will be used to assess whether the criteria 
listed in the Spaceport Evaluation Mechanism are successfully fulfilled or not.  
 
For Lleida, most of the information on the resources, plans, and infrastructure either 
currently available or envisioned for future developments, has been abstracted from non-
binding interviews with experts and industry personnel. Official plans have neither been 
adopted nor established to build a spaceport in this location. The design efforts proposed 
and discussed are subject to detailed analysis and assessment before any future development 
may proceed, and the conclusion of this evaluation is strongly related to the accuracy of the 
information gathered, and the potential success/failure is dependent upon the conformance 
of the potential spaceport plans.  
 
Most of the criteria in the evaluation mechanism have not yet been fulfilled by the Lleida 
spaceport project: As a result, many criteria have been marked as insufficiently fulfilled. The 
table gives recommendations based on known qualities for the sufficient fulfillment of 
criteria.  
 
Finally, it is important to mention that the optional criteria for human spaceflight and cargo 
and satellite operations are included in the general evaluation mechanism. However, in the 
Lleida case study, only the criteria related with the human spaceflight has been evaluated 
and recommended. 
 
All information in the section below (Table 10.1) on the airport development at Lleida is 
intended to be used for the purposes of this report only. There have been no official plans 
or proposals made to construct a spaceport or modify an existing airport in Lleida. 
Information and comments supplied to the authors by industry representatives and experts 
are non-binding and intended for use only within the context of the report. Essentially, the 
Lleida case study below is an hypothetical evaluation of a potential spaceport. 
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10.3.2 Criteria Recommendations 
Table 10.1 Criteria Evaluation for Lleida 

Ref. 
No 

Criterion Result Discussion and Recommendations 

Business 
1 Have basic business plan areas been 

addressed? 
Insufficiently 

Fulfilled A detailed business plan is essential before beginning development. 

 
2 Have financiers and multiple revenue 

streams been identified? 
Insufficiently 

Fulfilled 

There are potential revenue streams that can be leveraged from the Lleida airport that is being 
developed and the growing local terrestrial tourism market. However, detailed analysis of these 
and other potential revenue sources need to be conducted. Financing has not been secured, and 
this must occur for the spaceport to be considered commercially viable. 

3 
Can the spaceport secure a 
substantial share of the spaceport 
market? 

Insufficiently 
Fulfilled 

A target market needs to be found and identified. A letter of intent from at least one space launch 
company is required. 

4 

Can the spaceport take advantage of 
a particular customer segment, 
and/or does it address a specific 
customer need?  

Insufficiently 
Fulfilled 

Lleida has the potential for addressing a particular customer segment; however it is yet to be 
identified. 

5 

Are the engineering and 
development costs plus capital 
expenditures reasonable based on 
analogous projects? 

Insufficiently 
Fulfilled 

Additional engineering and development costs for using the airport as a spaceport need to be 
identified.  

6 

Has an analysis of the business risks 
and costs of failure, including 
potential business interruption, been 
conducted?  

Insufficiently 
Fulfilled 

An analysis of the business risks and costs of failure, including potential business interruption, 
needs to be conducted. 

7 
Are there healthy financial ratios and 
financial figures after the ‘break-even’ 
point?  

Insufficiently 
Fulfilled 

Financial ratios and financial figures after the break-even point need to be evaluated in the 
business plan. 
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Ref. 
No 

Criterion Result Discussion and Recommendations 

8 Are there manageable quarterly 
expenses after the ‘break-even’ point?

Insufficiently 
Fulfilled 

Operational expenses after the break-even point need to be identified based on the target 
segment. 

9 Is the break-even point achievable in 
a reasonable amount of time? 

Insufficiently 
Fulfilled A detailed financial analysis including break-even analysis needs to be conducted. 

10 Is a return on investment achievable 
in a reasonable amount of time? 

Insufficiently 
Fulfilled A detailed financial analysis including return on investment needs to be conducted. 

11 Has an exit strategy been defined? Insufficiently 
Fulfilled A detailed business plan including an exit strategy is essential before beginning development. 

12 

Is the spaceport well situated 
geographically to access the 
orbits/sub-orbits which are desirable 
to the targeted market? 

Insufficiently 
Fulfilled 

Target market and orbit needs to be identified.  
 
The spaceport must define target market and assess geographic suitability. 

Regulatory Issues 
13 
 Is the spaceport subject to a 

regulatory framework? 
Insufficiently 

Fulfilled 
As the spaceport is not yet developed, no regulation has been studied. It is recommended that the 
spaceport study the current regulations and comply with them. 

 
 
 
 
 

14 

Does the spaceport operate in 
accordance with principles of 
international and national aviation 
regulations, concerning, amongst 
other things, minimizing the effects 
of operations on air traffic, and 
obtaining rights of over-flight from 
neighboring States? 

Insufficiently 
Fulfilled 

Spaceport must provide safe flight corridor and make sure that all the flights do not take place 
above residential/industrial zones, places of a mass congestion of people, restricted for flights 
zones and habitats of wildlife. Also, real time weather analysis must be provided. Space access 
vehicle flights also interfere with the air traffic above the airport and there is a risk of collision of 
space access vehicle into aircraft, so proper choice of flight corridor must take into account 
existing air flight corridors to reduce the risk of collision. 
It is recommended that a national space agency be created or at least a specific office should be 
established, to create a regulatory body for space activities in Spain, to develop a national policy, 
issue licenses, supervise activities and represent the interface to the broader community.  
The regulatory body to be applied to spaceports should be only as much detailed as necessary for 
the public safety not to restrict the necessary development of this new field. This national entity 
should enclose all governmental, scientific, military, civil and commercial space related activities, 
including tourism. This would certainly be more efficient than the present situation.  
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Ref. 
No 

Criterion Result Discussion and Recommendations 

From a technical point of view, the following requirements are recommended: warning signage 
and marking, wind indicators, building evacuation plan, and other criteria to be meet Air Law 
requirements at national and international levels. 

15 

Are the international obligations of 
the State within which the spaceport 
is located taken into consideration by 
the spaceport management? 

Insufficiently 
Fulfilled 

Potentially sufficient. Lleida spaceport is located in Spain, a member state of ESA with no 
national space agency and no regulation nor national policy for space. However, Spain has 
developed a national policy for the development of space related industries and has shown in 
recent years great interest in playing an active role in the space world. The recommendation is 
that a national agency be created to allow for a more effective communication between the 
government and the industry, the scientific community, the other national players. It should  
become interface to the broader international space community. The national space agency would 
be responsible for creating the guidelines for Spain's space policy. In addition, since there is no 
regulatory framework on a spaceport, the national agency mission would enable regulation for the 
spaceport to be established, license, control and supervise its activity, namely through a 
mandatory payload review, as well as deal with a notifications procedure for all space launches 
occurring from Lleida spaceport and future spaceports in Spain. 

 
16 Are all local, regional and national 

laws, including those required for 
licensing considered? 

Insufficiently 
Fulfilled 

It is recommended a specific office be created that will be working on a regulatory body for space 
activities in Spain and working on a national policy, issuing the necessary licenses, supervising 
these activities and representing the interface with the broader international space community. 

 
 
 
 

17 

Does the spaceport provide for 
communication radio frequency 
allocation, tracking and telemetry in 
accordance with international 
requirements (ITU) with respect to 
the spaceport airspace? 

Insufficiently 
Fulfilled 

The Lleida airport will normally be fulfilling the requirements for an airport, which already  
include compliance with ITU regulation. Special adjustments for the spaceport airspace must be 
done. Should these occur it will be sufficient. 
The launcher operator should be responsible for complying with ITU requirements regarding the 
space access vehicle  
From the technical point of view, two options are recommended: Option 1: Separate telemetry 
tracking and command system is required for tracking space access vehicle; frequency band 
allocation is to be obtained from ITU.  
Option 2: Possibility of employing other local telemetry and radar facilities to provide required 
real time services 
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Ref. 
No 

Criterion Result Discussion and Recommendations 

Operational 

18 Is there adequate nominal and 
emergency ventilation? 

Sufficiently 
Fulfilled 

The Lleida airport will normally be fulfilling the requirements for an airport, which already 
include compliance with nominal and emergency ventilation regulations 

19 

Does the spaceport have the fire, 
HAZMAT, and Emergency crews 
(with access to emergency on-site fire 
station) to respond to any 
operational emergencies? 

Insufficiently 
Fulfilled 

Spaceport must be equipped with fire response team. In case of fire, local fire brigade must 
response as fast as possible. Thirty-eight fire brigades are located within the Lleida region. 
However there are no brigades located in Alguaire, the closest town to the spaceport. 
Taking in account high risks of space flights we recommend the spaceport to assist the 
organization of a fire brigade in Alguaire. 

20 Are there built-in redundant power 
systems for contingency operations? 

Sufficiently 
Fulfilled The airport of Lleida has planned to developed a power system with different levels of back-up 

 
 
 

21 
& 
22 

Is there comprehensive emergency 
medical response plan? 
Does the spaceport emergency health 
care plan have redundancy in the 
event of failure, i.e. do they 
demonstrate fault tolerance? 

Insufficiently 
Fulfilled 

It is recommended that the Lleida spaceport contains medical facilities with the capacity to 
provide basic urgent care. Lleida spaceport should establish collaboration with local hospitals for 
the evacuation and urgent care of passengers and visitors in case of an emergency. It is suggested 
that the Hospital Universitari Arnau de Vilanova de Lleida is selected as the first line tertiary care 
center for the treatment of seriously injured passengers because of its proximity to Lleida airport 
and its capacity to provide urgent care. For emergencies of greater proportion it is suggested that 
Lleida spaceport should establish collaboration and evacuation plan with hospitals capable to 
handle greater volumes such as the Hospital de Barcelona or Hospital Vall d’Hebron. 

23 

Are spaceport personnel performing 
operations according to applicable 
occupational health and safety 
standards? 

Insufficiently 
Fulfilled 

Lleida spaceport shall document the procedures through which it will enable personnel to 
perform operations according to applicable Occupational Health and Safety Standards  

24 

Is there a manifest that will 
document in real-time the location of 
users and personnel and their 
proximity to areas of higher risk? 

Insufficiently 
Fulfilled 

This recommendation is based on Mojave airport safety plan which depends heavily on such a 
manifest. It is suggested that Lleida spaceport uses Mojave airport manifest as a starting point to 
elaborate a manifest of its own. 
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Ref. 
No 

Criterion Result Discussion and Recommendations 

25 
Can the spaceport management 
provide appropriate training to 
personnel? 

Insufficiently 
Fulfilled 

Lleida spaceport shall assess the necessary infrastructures to ensure the training of spaceport 
ground crew and personnel. It should provide a list of the possible medical issues in which the 
medical crew and the spaceports employees shall play a preventive or interventional role on-site. 
Taking into account the business plan of the spaceport, and in particular the means which will be 
dedicated to the overall medical facilities, it shall also assess the part of the training needing on-
site infrastructure to be built (e.g. screening facilities) and the part of the training that can be 
ensured through agreement with external competent institutions (e.g. centrifuge if the business 
plan is not including it as an infrastructure priority) which shall be indicated.  

26 

Is informed consent obtained from 
personnel who may be exposed to 
hazardous areas related to space 
access vehicle operations and launch?

Insufficiently 
Fulfilled 

It is recommended that Lleida spaceport document all informed consents provided by the space 
lines to the passengers. Lleida spaceport should draft an informed consent form to be signed by 
visitors that will be physically present in high risk areas. Visitors that remain in low risk areas may 
not be required to sign an informed consent. 

27 Does the spaceport have sufficient 
access to utilities? 

Insufficiently 
Fulfilled 

The potential spaceport must ensure sufficient access to power generation, gas, water, 
communication technology, and internet. Access to these utilities by the potential spaceport must 
not affect the local community needs. 

28 
Is there an environmentally 
sustainable plan for waste 
management and removal? 

Insufficiently 
Fulfilled 

The potential spaceport must adopt and employ an environmentally sustainable plan for waste 
treatment and removal for both the protection of the environment and the safety of the 
community. 

29 
Is adequate provision made for 
hazardous and toxic material 
management? 

Insufficiently 
Fulfilled 

The potential spaceport must adopt and employ a hazardous material management plan including 
proper storage, transportation, and disposal of hazardous waste. Risk associated with toxic and 
hygienic contamination must be minimized for the protection of the environment and 
community.  
Spaceport must take in account all the local, regional and national laws that affects hazardous and 
toxic materials storage and transportation of such materials to and from the facility (further – 
operations), and provide safety of local community, its employees and environment from any 
damages connected with accident that took part during such operations. An emergency 
evacuation must take place when there is acute danger to human life and it is estimated that there 
may be less than 20 minutes available. For such situations emergency evacuation plan must be 
provided.  
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Ref. 
No 

Criterion Result Discussion and Recommendations 

To store or make toxic propellant, a minimum separate storage area needed based on desire 
capacity. 

30 Does the spaceport have a propellant 
management plan? 

Insufficiently 
Fulfilled 

The potential spaceport must adopt and employ a propellant storing, monitoring and dispensing 
plan and must encourage the use of non-toxic propellants. 

31 Does the spaceport have a security 
plan? 

Insufficiently 
Fulfilled 

There is no information about the security plan of the airport. There is a complete fencing system 
around the area of the spaceport but improvements should be made in the surveillance system, 
screening procedures and authorized access areas. The recommendation is to follow the security 
plan of the airport while improving determinate areas in which the procedures will be different (e 
g. higher level of operator protection assets, different levels of flight participants screening 
procedures).  
This recommendation is based on Mojave airport safety plan which depends heavily on such a 
manifest. It is suggested that Lleida spaceport uses Mojave airport manifest as a starting point to 
elaborate a manifest of its own. 

32 

Has the spaceport management 
performed a safety risk analysis based 
on identified risks for pre-launch, 
launch, and re-entry operations? 

Insufficiently 
Fulfilled 

To assess the risk analysis, we recommend that the spaceport study the characteristics of the 
space access vehicle that would operate in it. Once the performance of the space access vehicle is 
known, the risk analysis matrix has to be filled in.  

33 Is there a downrange emergency 
recovery, search and rescue plan? 

Insufficiently 
Fulfilled 

Further improvement is needed based on each employed space access vehicle. Especially in terms 
of fire extinguishers and facilities for safe recovery due to any take-off/landing failures  

34 

Is the spaceport located where 
suitable weather conditions meet the 
requirements of the appropriate 
space access vehicle?  

Insufficiently 
Fulfilled 

The exact weather requirements for SAVs are unknown. However Lleida has very few cloudy 
days. Most days are clear according to the records over the last ten years. An assessment and 
description of the winds at height is needed. 

Infrastructure 

 
 

35 
Does the spaceport launch site 
support the appropriate space access 
vehicles?  

Insufficiently 
Fulfilled 

For horizontal take-off and landing, further improvement is needed in terms of length and width 
of the runway, depending on the vehicles to be used. 
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Ref. 
No 

Criterion Result Discussion and Recommendations 

36 

Has an emergency response plan 
been developed for the contingency 
situation where a failure occurs 
within the boundaries of the 
spaceport? 

Insufficiently 
Fulfilled 

In case of emergency landing of double stage launch space vehicles, an additional runway is 
required. 

37 
Does the spaceport have space 
access vehicle and payload specific 
assembly and integration facilities? 

Sufficiently 
Fulfilled Lleida plans to build these types of facilities. 

38 Are there storage and maintenance 
facilities for space access vehicles? 

Sufficiently 
Fulfilled Lleida plans to build these types of facilities. 

39 Is there capacity for future 
infrastructure expansion? 

Sufficiently 
Fulfilled Lleida has capacity for expansion of the spaceport due to great available terrain in its boundaries. 

Location, Community, and Environment 

40 Is the location of the spaceport 
publicly accessible? 

Sufficiently 
Fulfilled There is a plan to build a complete system of roadways and highways. 

41 

Is the spaceport situated near 
transportation infrastructure that 
facilitates transport outside the 
region (national/international)? 

Sufficiently 
Fulfilled 

Lleida airport will be connected to the main areas of transportation system that will bring 
Barcelona within one hour travel time, and Madrid, two hours.  

42 

Is there existing local tourism 
infrastructure (hotels, attractions, etc) 
and can the spaceport absorb 
seasonal fluctuation in tourism 
activities? 

Sufficiently 
Fulfilled 

Lleida airport is situated in a very attractive touristic environment. It is close and well connected 
to the luxury tourism of Barcelona and to the adventure sports in the Pyrenees. 

43 
Does the spaceport provide or intend 
to provide entertainment venues and 
activities for terrestrial tourists? 

Insufficiently 
Fulfilled 

There is no information available about the facilities that the spaceport will include. It is 
recommended that the spaceport builds an area of entertainment in order to generate money and 
to maintain the tourist in an optimal level of satisfaction. 

44 
Is there an expandable commercial 
airport with a passenger terminal on-
site? 

Insufficiently 
Fulfilled 

Although there is space available for expansion of the terminal area, no studies have been done in 
this sense. It is recommended that possible expansion of the facilities be analyzed to study the 
viability of the spaceport activities.  
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Ref. 
No 

Criterion Result Discussion and Recommendations 

45 
Does the spaceport infrastructure 
harmonize with the landscape of the 
location? 

Insufficiently 
Fulfilled 

The potential infrastructure must be designed and built to harmonize with the landscape of the 
potential site. Green building guidelines must be followed. 

46 Is there a wildlife hazard assessment, 
management, and protection plan? 

Insufficiently 
Fulfilled 

Wildlife hazard assessment, management and protection plan has not been performed. Lleida 
airport has passed the environmental requirements to operate. These requirements are driven by 
the regional and national regulations, so they fulfill all the legal requirements. The difference 
between the environmental impact provoked by the spaceport and the one provoked by the 
airport has to be minimal in order to fulfill the requirements. If the impact of the spaceport is 
lower than the airport, Lleida will fulfill this requirement. The local plant and fauna, in this way, 
will be protected from the spaceport activity. 

 
 
 
 
 

47 
Has an environmental impact study 
been completed in accordance with 
local law? 

Insufficiently 
Fulfilled 

Lleida Airport has completed the environmental impact study requested by the Spain legislation 
for an airport. However a more specific environmental study should be completed to assess the 
greater or lesser impact of a spaceport in the Lleida region, particularly since there is a protected 
area for birds near the location. It is recommended that an effective public relations strategy be 
established to engage the public, reduce the public perception of risk associated with spaceport 
infrastructure and favor the public opinion and from environmental associations that may be 
concerned by a negative impact of a spaceport in the region. 
Approval of environmental impact and assessment plan has been granted to the airport 
infrastructure of Lleida. The spaceport infrastructure must adopt and apply 
 a related plan to reduce environmental impact by off-setting carbon and isotope use.  
The spaceport must develop and employ sustainable practices 

48 
Does the spaceport have a plan to 
minimize noise pollution in local 
community? 

Insufficiently 
Fulfilled 

The site visit revealed close proximity of potential site to agriculture, residential, and commercial 
sites. Noise limitations must be conformed to the laws established in Lleida. Relocation of 
business and residences should be considered. Remuneration for relocation should be established. 

49 
Is there an ethical communication 
strategy that facilitates community 
feedback? 

Insufficiently 
Fulfilled 

An ethical communication strategy for the public should be developed and implemented. An 
understandable and relevant information must be provided to ensure that the public can act and 
respond appropriately. The organization must act in fairness, openness, honesty, and in a 
transparent manner. A community feedback process should be adopted and applied.  
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No 

Criterion Result Discussion and Recommendations 

50 
Does the spaceport management 
have a corporate social accountability 
plan? 

Insufficiently 
Fulfilled 

The organization must respect civil and human rights related to hiring and employment practices. 
The organization must honor and respect local and regional culture, language and knowledge.  

51 
Does the spaceport promote human 
resource development within local 
and regional communities? 

Insufficiently 
Fulfilled 

The organization must be committed to utilizing local and regional human resources for hiring 
and employment. The organization must adopt and apply a strategy that addresses inspiration, 
engagement, education, and employment of local and regional community members.  

Human Spaceflight 

52 
& 
53 

Is there infrastructure necessary to 
perform screening, training and flight 
preparation of passengers and flight 
crew? 
Can the spaceport provide ground-
based in-flight physiological 
monitoring and medical 
management? 

Insufficiently 
Fulfilled 

It is recommend that the spaceport contact possible space line providers and get some 
information about their envisioned in-flight monitoring and screening systems,  
Lleida spaceport shall assess and design the corresponding on-ground facilities needed for the 
spaceport according to the broader range of space line requirements in terms of in-flight 
monitoring, screening and medical management. 

54 Is there luggage storage and 
processing infrastructure? 

Insufficiently 
Fulfilled 

No luggage storage is planned at this point. Future luggage storing system of the airport could be 
used in the short-term. 

55 
Does the spaceport have on-site 
food handling and storage 
infrastructure? 

Insufficiently 
Fulfilled 

So far no facilities have been developed, but the Alguaire Airport will have those infrastructures, 
therefore the possibility that the spaceport and the airport share some of those facilities exists. 
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10.3.3 Conclusions and Future Recommendations 
An airport is in Lleida is being proposed. It has the ability to be expanded to co-locate a potential 
commercially viable spaceport (Figure 10-1). As a result of applying SEM on to this concept, the 
following points were identified.  
 

• The airport is located in launch friendly location suitable for spaceports. 
• The airport is easily accessible and is located in an area with exemplary tourism 

infrastructure and has significant capacity for expansion. 
• The airport requires upgrading infrastructure such as 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 necessary licenses, supervising spaceport activities and representing the 
interface with the broader international space community. 

• 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. 

• Environmental and community concerns including noise and air pollution should be 
carefully evaluated involving the local governing boards. 

 
The accuracy of the SEM analysis to any spaceport development depends on the information 
available at the time of evaluation. Once a specific proposal that outlines the expansion of Lleida 
airport into a spaceport has been fully detailed, the SEM should be replied.  

 
Figure 10-1 - Lleida airport [Lleida Airport presentation, 2008] 
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________________________________ Chapter 11 

11 SEM Recommendations & 
Conclusions 

11.1 General SEM Recommendations 
Development of a comprehensive mechanism to include specific evaluation criteria on 
every spaceport design, spanning multiple uses, is in no manner efficient or useful. 
Therefore, 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. Over 
the course of development, areas of improvement for the SEM were identified (Figure 
11-1).  
 

 
Figure 11-1 - FuturIST Methodology [FuturIST Team, 2008] 

 
Based on the application of this mechanism to two major existing spaceports and a specific 
case study on a potential spaceport near Lleida in Catalonia, Spain, the FuturIST team has 
come up with the following recommendations: 
 

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. 
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2. Development of an air traffic management system, focusing on standardization and 
inter-operability 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 an eye 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 probabilistic 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 corporate social accountability plan must be in place. 

11.2 Conclusion 
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.  
 
In the current iteration of the SEM, a weighting system derived from full statistical analysis 
was not adopted. The use of a weighting system allows the criteria to be targeted to 
different audiences. A full scoring method, similar to that of a statistical Likert scale, could 
accurately assess how well a spaceport meets the stated criteria. The mechanism currently 
includes the criteria and a short description. Also it is suggested to implement a software 
interface of the criteria evaluation that would allow easier accessibility to industry users. 
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______________________________________________________Appendix 1 

12 Appendix for Spaceport 
Business 

Chapters 4 and 9, criteria 1, 3, 5, 9, 10 refer to basic business plan areas. These areas would 
include a good description of the business, an opportunity/market overview, a good 
description of what the new business is offering, a well-developed business strategy, an 
assessment of competition and competitive analysis, a team appropriate for the new 
business, a realistic look at financial prospects, an examination of financing issues, and an 
exit strategy. 
 
For the description of spaceport business, short-term goals may be very different than long-
term goals. When the spaceport is in its infancy, goals may be limited to producing local 
jobs or generating revenue through terrestrial tourism to help support infrastructure 
expenditures. In contrast, a spaceport may have the long-term goal of dominating the 
global spaceport market or at least dominating a particular sub-orbital or orbital market. 
Additional information on markets and commercial aspects is located in section 4.2. 
 
There are many predictions on how the spaceport market will develop its potential rate of 
growth, and what opportunities will occur. Please refer to sections 4.2.2 and 4.2.3 for 
additional information on the current predictions for commercial space market trends. 
 
A key issue for spaceports will be the vendors whom the spaceport services. These vendors 
would include, but not be limited to, orbital and sub-orbital launch providers. The vendors 
should be identified and signed as soon as possible, preferably getting their buy-in before 
funding of the spaceport even begins. Please refer to sections 4.3 and 4.4.5 for more 
information on the potential goods and services which could be offered by spaceports. 
 
Business strategy areas include having an effective marketing strategy and managing 
operations cost. In addition, competition must be considered when planning a business, 
and a realistic prediction of market share must be made for a business plan to be reliable. 
Please refer to section 4.1 for additional information on existing spaceport business plans 
and their expected market share. 
 
Experience is the key factor in the success of any startup business. As commercial 
spaceports are a relatively new industry sector, acquiring experienced professionals may be 
difficult. This may require a collection of people with related skills rather than direct 
experience with commercial spaceports.  
 
Milestones are an important subsection of financial projection. However, in the case of 
spaceports, milestones are very different from those for traditional businesses and have a 
much longer timetable. Please refer to section 4.4.1 for more information. 
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¨Our mission is to investigate and select the essential criteria for a 
profitable spaceport infrastructure through applied case studies for 
the fulfillment of civilian space travel and further development of the 

space tourism industry.¨
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