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a b s t r a c t 

This paper describes the model currently under discussion in Italy which has been developing for setting 

up a regulatory framework for commercial suborbital operations. This model is expected to accommodate 

in the near-midterm HOTOL (Horizontal Take-Off and Horizontal Landing) suborbital operations within 

the national aviation system, the national airspace and using existing facilities, taking into account the 

relevant international regulatory experience in the field. An adequate level of safety for uninvolved peo- 

ple on the ground, in the air, at sea and for critical infrastructures will be primarily sought along with 

due considerations for the safety of involved people onboard, in line with the state of the art and the 

technological development of the sector. 

© 2017 International Association for the Advancement of Space Safety. Published by Elsevier Ltd. All 

rights reserved. 

1. Introduction 

The growing interest and development of novel technologies 

in commercial suborbital operations of a number of consolidated 

and innovative firms and stakeholders pushed ENAC, the Italian 

Civil Aviation Authority, since 2014, to study, evaluate and analyze 

this emerging field [3] with the aim to develop an effective and, 

as much as possible, flexible regulatory framework which can ac- 

commodate sub-orbital operations within the existing aviation and 

airspace system. Possible applications of suborbital operations in- 

clude tourism, business, microgravity experimentations and astro- 

nauts’ training. The goal is to enable the development of HOTOL 

suborbital operations from existing airports within the Italian terri- 

tory, primarily assuring an adequate level of safety for third parties 

on ground, namely uninvolved people and properties, and other 

airspace and sea users. As far as commercial operations are con- 

cerned, the mandatory control of the hazards for involved people 

onboard shall be required as well to an extent in line with the 

state of the art and with the development of the sector. 
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2. Legal framework 

Whether or not suborbital operations has to be regulated under 

the air law or under the space law is currently debatable, hence 

each State has to clarify which is the entity in charge to regu- 

late and oversight the nascent sector of the commercial suborbital 

flights. This aspect will be even more relevant on the long term, 

when suborbital flights will connect two different points of the 

Earth setting forth for the future generation transportation. From 

a functionalist point of view [19] it could be reasonably agreed 

that the Aviation Authority could regulate a suborbital operation, 

though by setting an ad hoc regulatory regime and this for a few 

reasons. Firstly, HOTOL vehicle (at least some of its stages) is, in 

most cases, a winged vehicle capable to derive (part of) its sup- 

port by the atmosphere from the reaction of the air, at least in 

some phases of the trajectory, namely during the launch and the 

re-entry. In this regard the spaceplane could meet in some way the 

ICAO (International Civil Aviation Organization) definition of air- 

craft as any machine that can derive support in the atmosphere 

from the reactions of the air [15] . Secondly, any suborbital tra- 

jectory will intersect and share the airspace below FL650 (Flight 

Level 650) during the launch and re-entry phase, hopefully by 

means of a dynamic 4D segregation. One more important factor 

to be considered is the fact that, at least in Italy, the sites likely 

to be used as a spaceport for commercial launch and re-entry 
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operations will be selected among existing civil aerodrome ap- 

proved under the EU (European Union) Regulation 139/2014. Most 

of these sites are State airports assigned to ENAC by law in accor- 

dance with Art. 693 of the Italian CoN (Code of Navigation) [1] , in 

turn assigned by ENAC to the aerodrome operator through a pub- 

lic concession. Finally, the Article 687 of the CoN recognizes ENAC 

as the unique national regulatory Authority for civil aviation and 

the law n. 265/2004 recognizes ENAC as the unique authority for 

Air Navigation Services regulation. From an international perspec- 

tive, in 2013 Italy and the US (United States of America) signed 

the Framework Agreement for Cooperation and Use of Outer Space 

for Peaceful Purposes [2] further transposed into law n. 197/2015. 

On the basis of this agreement, in 2014 ENAC signed with the US 

Office for Commercial Space Transportation of the Federal Avia- 

tion Administration (the FAA-AST Office) a Memorandum of Co- 

operation in the Development of Commercial Space Transportation 

[4] later renewed and extended to the Italian Space Agency (ASI) 

on 30 July 2016. Taking into account the above considerations, the 

Italian Ministry of Infrastructure and Transportation (MIT) issued 

its Decree n. 354 of 10 July 2017 [5] which identifies ENAC has 

the national entity in charge to develop the regulatory framework 

for the commercial suborbital transportation in Italy. The priori- 

ties highlighted by the MIT are: (i) to develop a three-year plan 

to define a regulatory framework for HOTOL suborbital flights; (ii) 

to identify the issues that can be directly regulated by ENAC and 

those which may need to be addressed by the primary legisla- 

tion or other government acts; (iii) the regulatory framework shall 

be flexible enough to support the development of the sector, pro- 

vided that the safety of third parties on ground, in the air and at 

sea must be primarily pursued along with the safety of occupants; 

(iv) the level of safety for the system and operations shall be es- 

tablished by ENAC and shall be updated, as necessary, in accor- 

dance with the state of the art and the advancement of the tech- 

nology; (v) suborbital operations shall take place within the na- 

tional border and shall not have a detrimental impact on the civil 

aviation development; (vi) security and cyber-security issues shall 

be taken into account; (vii) the criteria for the selection of candi- 

date spaceport site(s) (subsequently described at Para. 5.) shall be 

defined giving priority to the existing infrastructures; and finally 

(viii) ENAC will coordinate with the MIT and will cooperate with 

the military and ASI. 

3. Safety considerations 

In a very general form safety can be defined as the minimum 

level of risk deemed acceptable by the society for a specific sit- 

uation. This minimum level of risk can be specified either in a 

qualitative or quantitative manner. The risk associated to a spe- 

cific event that can lead to unwanted consequences can be ex- 

pressed as the product (or the combination) of the probability 

that the event occurs and the measure (or severity) of its conse- 

quences. Two types of risk can be considered [21] : the collective 

(or societal) risks expressed in terms of costs or sacrifice suffered 

by the society as an all (such as the number of casualties or fa- 

talities) and the individual risks expressed in terms of probabil- 

ity that a person suffer a casualty or a fatality. These two types 

of risk lead to the definition of two different types of safety ob- 

jectives: a collective safety objective (expressed in terms of max- 

imum admissible societal cost), and an individual safety objec- 

tive (expressed e.g. as the maximum probability of having a ca- 

sualty for a person exposed to the hazard). Another distinction 

has to be done in terms of the people exposed to the hazard. 

In that respect for suborbital operations we will distinguish two 

groups: 

- The uninvolved people on ground, in the air and at sea, along 

with critical infrastructures (which are referred to as third par- 

ties ), and 

- The involved people onboard the spaceplane vehicle, either the 

crew or the other (possibly paying) participants (which are re- 

ferred to as occupants ). 

For suborbital flights, the US regulation [8] addresses third par- 

ties’ safety by the collective safety objective Ec , expressed as the 

maximum average number of casualties 1 per launch or re-entry 

mission and by an individual safety objective expressed as the 

maximum allowed probability for an individual of suffering a ca- 

sualty during a mission. Three types of hazards are supposed to 

produce third parties casualties [8] : (i) the direct impact with a 

vehicle debris, (ii) the overpressure blast due to the explosion of a 

falling debris, and (iii) toxic release. In addition to that, the reg- 

ulator should also pursue the minimization of the risk for the 

occupants (which is referred to as occupant safety ) as an essen- 

tial pillar to allow – even from a legal point of view – manned 

suborbital flights. The safety for the third parties in the air, i.e. 

the other airspace or outer space users, can be addressed in the 

near-midterm by segregation of the airspace below Fight Level 650 

(FL650) and by limiting the maximum apogee altitude (e.g. well 

below the parking circular orbit of 186 km altitude). In the future 

this hazard is expected to be controlled by an STM (Traffic Man- 

agement) system fully integrated with the existing ATM (Air Traffic 

Management) system [20] . 

3.1. Third parties safety 

Let P C be the probability that a debris from a suborbital vehicle 

crashes on a populated area on the ground during a launch or re- 

entry mission, and let N C be the number of people that would be 

directly hit by a debris or by a harmful blast overpressure caused 

by the explosion of the debris. Defining the debris casualty area A C 

as the harmful ground footprint of the debris [10] , the number N C 

of people exposed to the risk can be worked out as the product of 

the casualty area A C times the average population density D of the 

region where the debris is expected to fall, i.e. N C = A C · D . Assum- 

ing that everyone who is hit suffers a casualty (i.e. the conditional 

probability of suffering a casualty, given a person is struck, is as- 

sumed equal to 1), then the mean number of casualties per mis- 

sion (or the risk R C ) can be worked out and it may not be greater 

than a pre-established value E C : 

R C = P C · N C ≤ E C (1) 

Hence, it is necessary to define the above acceptable upper 

limit E C for the risk R C . This upper limit is the s afety objective 

that has to be met for assuring the safety of third parties on the 

ground. A possible value for E C was originally set by the US regu- 

lation equal to 30 casualties per million of missions, i.e.: E C = 30 

· 10 − 6 = 3 · 10 − 5 casualties per mission (see [8] Requirement 

431.35). Recently this requirement has been relaxed based on a 

more accurate review carried out by NASA (National Aviation and 

Space Administration) and USAF (US Air Force) on the launch data 

available in the US since 1989 [9] . As a result of this review, the 

E C value was increased up to 10 − 4 casualties per each launch and 

re-entry phase of a RLV (Reusable Launch Vehicle). In conjunction 

with the collective safety objective E C = 10 − 4 casualties per each 

launch or re-entry, the US regulation also mandates an individual 

safety objective in terms of a maximum probability P I = 10 − 6 for 

an individual of suffering a casualty during a mission. 2 If N is the 

1 According to the US regulation [8] , Part 401, Para. 401.5, a casualty is defined as 

a fatality (i.e. a death) or a serious injury. 
2 A recent French low for launch activities [14] requires a “collective” (sic) safety 

objectives of 2 · 10 − 5 expressed in terms of maximum admissible probability to 
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