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THE EVOLUTION OF CONTINUING EDUCATION & TRAINING FOR SAFETY  
& MISSION ASSURANCE PROFESSIONALS

 
Megan K. Stroud(1), Tom Pfitzer(2)

(1) A-P-T Research, Inc, 4950 Research Drive Huntsville, AL 35805, United States Email:mstroud@apt-research.com
(2) A-P-T Research, Inc, 4950 Research Drive Huntsville, AL 35805, United States Email:tpfitzer@apt-research.com

ABSTRACT

The international need for a safety and mission assurance 
(S&MA) training is narrow, but deep. Although some 
universities have ventured into this area and offered de-
gree programs in the past, they quickly found that the 
narrowness made it unprofitable. The question arises as 
to how we as S&MA professionals train those in our field 
with the needed knowledge to prevent the potentially 
catastrophic events that may occur.

A-P-T Research, Inc. is currently in the initial stages of 
developing a web-based training program for S&MA 
professionals that will pool resources from multiple pro-
fessional organizations and Government agencies. The 
S&MA virtual classroom will host online training classes 
in a variety of the S&MA disciplines, capture guest lec-
tures, and offer professional certifications that are miss-
ing from our industry.

1. APT SEAC

In 2004, the Safety Engineering 
and Analysis Center (SEAC) 
was formed as a division of A-
P-T Research, Inc. As an APT 
Division, the SEAC supports 
all aspects of safety engineering 
with emphasis on three overlap-
ping disciplines: System Safety, 
Range Safety, and Explosives 
Safety. Each of these three dis-

ciplines contains elements that are unique to it alone. 
Each also has elements that are common among the oth-
ers, including risk management and risk assessment.

The mission of the SEAC focuses on the proper practice of 
safety engineering. In support of the mission, SEAC per-
sonnel provide analytical services, prepare special analy-
ses including quantitative risk assessments, develop new 
methods, draft safety engineering standards, build software 
models, conduct safety training, serve as expert witnesses, 
participate in special studies, support accident investiga-
tions, perform third-party reviews, and conduct testing.

The SEAC is a collaboration of experienced practitio-
ners and has attracted distinguished and experienced 
members of the S&MA community who have a desire 
to mentor the next generation of safety professionals. 
One of these members is the late Pat Clemons. Pat was 
widely recognized as a mentor of system safety and 
brought the insight of over 50 years of experience. Prior 
to joining APT Pat had trained over 2000 safety practi-
tioners and assembled the first training classes offered  
by APT.

1.1 APT Continuing Education and Training  
 Division

As a division of the SEAC the APT Continuing Educa-
tion & Training Division (CE/T) supports the mission of 
the SEAC by providing both internal and external train-
ing to the S&MA community.

Each year APT trains a wide variety of S&MA profes-
sionals on topics such as system safety, software safety, 
explosive safety, and site planning software. Conducting 
training for more than 250 safety professionals annually. 
Safety practitioners from the Army, Air Force, Navy, Na-
tional Aeronautics and Space Administration (NASA) as 
well as others from industry and internationally regularly 
take APT CE/T courses.

2. THE CHANGING OF THE TIMES

In the past government organizations developed S&MA 
training programs. In the 70’s and 80’s over 200 people 
went to the US Army Intern training program, many of 
which went on to careers in DoD and NASA. As time 
went on these types of formal training programs slowly 
evaporated from industry. Although, higher education 
attempted to duplicate these types of training programs 
for industry in the form of professional and continuing 
education it soon found that the audience for these types 
of programs was so vast that they soon found these types 
of programs unprofitable and ultimately these programs 
would also disappear from the list of options.

Journal of Space Safety Engineering – Vol. 3  No. 2 - September 2016

64

International Association for the Advancement of Space Safety

mailto:mstroud@apt-research.com
mailto:tpfitzer@apt-research.com


3. THE ADVANTAGE

Professional and Continuing Education has always been 
a pursuit of both individuals and corporate initiatives. 
The approach to Professional and Continuing Education 
should not be taken as a singular experience but rather as 
a career long practice. The benefits have been studied at 
length and result in increased cognitive abilities, spark 
interest and new methodology, and a curiosity to contin-
ue to learn more. There is also evidence that suggest that 
there is a positive correlation between effective training 
and an increase in effective teamwork [1].

4. DEVELOPING PEOPLE, NOT COURSES

One of the most important aspects that should be consid-
ered is that our mission should be to develop people, not 
courses. The systems that S&MA professionals work on 
in this day and age can change rapidly. Looking closely 
at the evolution of NASA in recent years this is extremely 
evident. During the 80’s and 90’s NASA space travel was 
conducted by the shuttle. NASA’s S&MA professionals 
only had a need to be concerned with a single system 
and the familiarity of the system was an advantage to the 
S&MA community. The day-to-day operations were fa-
miliar and it wasn’t uncommon to find engineers or safety 
professionals that may have up to 20 years of experience 
on the same system.

This is no longer the case. Today, these systems are de-
signed by multiple commercial companies including, but 
not limited to, Blue Origin, Sierra Nevada Corporation, 
Space Exploration Technologies (Space-X), and The 
Boeing Company. Even the systems within a commercial 
company are not fixed. Space-X for example utilizes sev-
eral orbital launch vehicles including Falcon 1, Falcon 9, 
and the Falcon Heavy, some of which come in a variety 
of configurations.

In a report [2] published by the National Transportation 
Safety Board (NTSB) it was determined that failing to 
consider the possibility that the test pilot had the ability 
to unlock the feather early, a single point human error, 
ultimately resulted in the break-up of the vehicle. NTSB 
also determined that the test pilots were poorly trained 
and did not fully comprehend the risks of unlocking the 
feather early. Although, the issue was well known by 
designers the operators (pilots) were lacking the prop-
er training and knowledge needed to safely operate the 
system, no doubt attributed to the unfamiliarity with the 
system itself.

Developing the S&MA community to be adaptable to 
multiple systems means giving them the professional 

training that they need and making this training acces-
sible to them on as as-needed basis. By taking this ap-
proach it is more likely that our S&MA professionals 
will have the correct solution at the critical time. Result-
ing in an overall reduction to the risk imposed to both 
life and mission that our community works to improve 
on a daily basis.

5. THE WAY WE LEARN

It is undisputed that our universities and colleges have 
developed students utilizing a structure of curriculum 
based learning since the inception of formal education. 
With the evolution of technology, society has changed 
the way learning and information transfer occurs. Un-
derstanding that our employees and our professional 
community has changed is of upmost importance as we 
seek to design a new learning environment for profes-
sional and continuing education that will provide our 
employees and ultimately our discipline with the maxi-
mum benefit.

As a society we have become more focused on informa-
tion seeking than retaining information. This really is an 
evolution of the way we operate in our work environ-
ments as well. There is constantly an influx of tools and 
information. Whether they are software tools, hardware 
tools, or even instructional manuals and knowing how to 
use these can provide a variety of benefits. However, we 
must educate the community on the proper way to use 
them. Software tools can provide advantages by giving 
quick analysis answers, but if the community using them 
doesn’t understand the way they work they can also pro-
vide detrimental outcomes when used inadequately.

There is no other sector of the population for which this 
is more applicable to than the millennials, usually de-
scribed as the generation born between the early 80’s 
and the 2000’s. The largest sector of this group, those 23 
years old, were influenced by the internet during their 
formative years and it is no surprise that if you ask a 
millennial a question they don’t know the answer to and 
they are likely to respond with: “Let me google that for 
you”. They use tools like Google, Wikipedia, and You-
Tube to find quick answers to questions. They’ve grown 
accustomed to instantaneous connection and nearly im-
mediate responses. In the workplace, they expect the 
same environment. They want to be able to ask ques-
tions and get training and career advice all the time, on 
demand. By 2025 they will make up 75% of the work-
force so it is important that we take their influence into 
account as we develop training they will be engaged in 
and benefit from, focusing more on a spirit of informa-
tion seeking vs. banking knowledge.
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6. CONTENT

The APT S&MA classroom will focus on developing 
online training courses, capturing guest lectures from 
S&MA subject matter experts, and providing discussion 
boards for collaboration. The online classroom embraces 
the spirit of an information seeking user and will enable 
students to develop their own curriculum specific to the 
issues and topics that are most applicable to both their 
professional and personnel goals. The online classroom 
will be available 24/7 and have a fully functional search-
able catalogue enabling students to quickly find the top-
ics that are of need/interest.

Although the content may be expanded in the future, the 
initial focus of the classroom will be to provide content 
on the following subject matters.

• System Safety
• Quality Engineering
• Reliability and Maintainability
• Operational Safety
• Software Assurance
• Aviation/Range Safety
• S&MA Managerial and Leadership

The technical subject matter closely resembles the struc-
ture of NASA’s Safety and Mission Assurance Techni-
cal Excellence Program (STEP) developed by the NASA 
Safety Center (NSC). STEP is one of the first compre-
hensive training programs that has been developed to ad-
dress the needs of the S&MA community. The success of 
this program within the NASA community lays a founda-
tion for the future success of the APT S&MA classroom 
that will be accessible to an international audience.

In addition to the topics presented above the online class-
room intends to have other resources such as:

• Case Studies
• Guest Lectures
• Discussion Forum
• Resource Library

7. GETTING INVOLVED

The APT S&MA classroom will not be a success without 
the support of the S&MA community. There is already a 
vast database of material available to those in our com-
munity and APT would like to invite professional soci-
eties, organizations or individuals who have content to 
collaborate on this effort. Those organizations who have 
a desire to participate in the advancement of the disci-
pline and the development of the APT S&MA classroom 
should provide contact information to training@apt-re-
search.com.
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REGULATION OF SAFETY OF SPACE MINING AND ITS IMPLICATIONS FOR 
SPACE SAFETY(*)

Ram S. Jakhu(1) and Joseph N. Pelton(2)

(1) Associate Professor, Institute of Air and Space Law, McGill University, Montreal, Canada.
(2) Executive Board, IAASS & former Dean International Space University.

(*) For a detailed discussion on this subject, see Ram S. Jakhu and Joseph N. Pelton, Space Mining and its Regulation 
(2016) New York, Springer Press.

1. INTRODUCTION

The practical uses of satellites has grown over the past 
half century. Such use was demonstrated with the de-
ployment of telecommunications satellites, which now 
include broadcasting satellites, mobile communications 
satellites, search and rescue, and data relay satellites. 
Shortly after the first communications satellites were de-
ployed and proved to be commercially viable other ap-
plications quickly followed. Next came, remote sensing 
satellites, weather satellites, and then navigation and tim-
ing satellites. Nor has this chain of space development 
come close to ending.

We may soon have operational systems for robotic re-
pair and refueling of satellites, solar power satellites, as 
well as increasingly sophisticated satellites for various 
types of defense and security operations. But something 
entirely new is also now on the horizon for space applica-
tions and instead of operation in Earth orbits these sys-
tems may seek to operate in deep space. The next major 
commercial space application may redefine the future 
of space activities to include major off world activities. 
This new activity would constitute a serious attempt to 
reclaim natural resources from space, or quite simply, to 
engage in space mining. Some of those engaged in this 
activity also envision processing of materials in space 
and even space manufacturing. Such deep space opera-
tions may not only involve a new range of deep space 
technologies, smart robotics, autonomous operations, in-
dependently operated power supplies and space systems, 
but also completely new challenges in terms of space 
safety systems as well as new types of standards and ap-
proaches to space safety for deep space operations, where 
immediate Earth-based response systems may simply not 
be available.

There are at least four “space mining” companies that 
are seeking to implement space mining explorations and 
develop the deep space tools needed to undertake such 
future operations. This suggests that space mining is no 
longer an issue for the longer-term future, but a real for 

today’s regulators. Deep Space Industries (DSI), Moon 
Express, Planetary Resources Inc., and Shackleton En-
ergy Corporation - each with a different set of strategic 
plans - are primarily focused on developing the key tech-
nologies and developing target locations for their future 
operations. Yet each of these entities - all with a U.S. base 
of operations - also recognize that there are regulatory 
issues and safety standards questions that also must be 
addressed. This is why they actively supported new U.S. 
legislation that has sought to define the process whereby 
space mining might be undertaken and the development 
of a new U.S. law that would define how space mining 
might be conducted. This initiative at the national regu-
latory level to create new national law to cover future 
space-based mining operations as well as possible space-
based processing and manufacturing have now started to 
come forward as one possible means to cope with the 
“regulatory gap” that has now started to become appar-
ent. However, national space mining operations must 
also be conducted in accordance with the provisions of 
the currently applicable UN space treaties.

2. ADEQUACY OF INTERNATIONAL  
 TREATIES ON SPACE FOR NEEDS  
 RELATED TO SPACE MINING?

In addition to the regulatory system created by the Outer 
Space Treaty,1 four other associated international trea-
ties,2 provide good governance foundation, but would 
also prove inadequate, to providing for an effective in-
ternational safety regulatory environment and “rules of 
the road” that are fully responsive to the needs related to 
space mining operations. Particularly from the perspec-
tive of responsibility for safety in space mining, there are 
two issues that need to be addressed. Firstly, who is en-
titled to exploit space resources and secondly what and 
by whom space safety standards and procedures should 
be adopted and implemented? 

Under international space law, all States are free to ex-
plore and use outer space, including the moon and other 
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celestial bodies, without discrimination of any kind, on 
a basis of equality and in accordance with internation-
al law.3 Such freedom covers exploitation of space re-
sources but does not extend to non-governmental entities 
(private corporations), which must carry out their space 
activities only pursuant to “authorization and continuing 
supervision” by their respective States. Therefore, States 
decide who, within their jurisdictions, should be allowed 
to carry out space mining operations and under what 
terms and conditions. Some of the standard conditions 
that are generally imposed are the requirements for com-
pliance by the licensees with: (a) the international obliga-
tions of the respective States and their national security 
or foreign policy interests and (b) the safety standards as 
determined by the concerned States. Safety standards are 
imposed to protect public health and safety, and safety 
of property, or to implement international obligations. 
Moreover, imposition of safety standards is generally 
accompanied with the requirement of procurement of 
liability insurance to cover claims against government 
property damage and third party death, bodily injury, 
or property damage. Internationally, it is the launching 
State4 that is liable for damage caused by space object of 
its private licensees, irrespective of the fact that the dam-
age occurred in air space or in outer space, on the moon 
and other celestial bodies, including asteroids.5

States may undertake space mining operations on their 
own, allow their private companies to carry out such 
activities or participate in the space mining operations 
of international organization(s). However, in latter case 
the responsibility for adoption of and compliance with 
safety standards would be borne both by the international 
organization(s) and by the States participating in such 
organization(s).6 Similarly, if two or more States jointly 
undertake space mining activities,7 each State will be 
expected to adopt and impose space mining safety stan-
dards and procedures. Moreover, in order to avoid acci-
dents, damage to property, death of and injury to humans, 
Earth and space environment damage, it would be im-
perative to adopt and implement complementary national 
and international space mining safety standards and pro-
cedures. Currently, there are no international safety stan-
dards and procedures for space mining. 
 

3. THE U.S. SPACE RESOURCE  
 EXPLORATION AND UTILIZATION ACT  
 OF 2015 (SREU). 

On 25th November 2015, the U.S. President Barack 
Obama signed the “Space Resource Exploration and Uti-
lization Act of 2015” which is Title IV of the U.S. Com-
mercial Space Launch Competitiveness Act (Space Act 
of 2015).8 The Space Act of 2015 contains four formal 

parts designed to: (i) promote commercial space trans-
portation and provide increased indemnification for space 
flight participants; (ii) deal with commercial remote sens-
ing statutory particularly the updating of licensing of pri-
vate remote sensing space systems; (iii) cover issues such 
as reporting requirements to Congress, the creation of a 
new Office of Space Commerce, and guidance to four 
key Departments of the US Government in the Space 
Arena namely Dept. of Defense, Dept. of Transportation, 
NASA, and the Department of Commerce; and (iv) ad-
dress the legislative issues related to space mining (i.e. 
SREU Act). 

The overall broad purpose of the new legislation is essen-
tially to promote new space commercial transportation 
systems as well as “promote the right of United States 
citizens to engage in commercial exploration for and 
commercial recovery of space resources free from harm-
ful interference, in accordance with the international ob-
ligations of the United States and subject to authorization 
and continuing supervision by the Federal Government.”9 
 
This national legislation, which is the first of its kind in 
the world, expresses the right of the U.S. government to 
“entitle an American company to possess, own, trans-
port, use, and sell the space resources obtained through 
its commercial undertakings”.10 This legislative initiative 
has attracted unprecedented appreciation, primarily from 
the American private space sector, but has also aroused 
concerns11 about the potential violation of the U.S. inter-
national obligations as well as possible safety risks such 
operations might pose. 

It should be noted that the above-mentioned right of the 
private companies shall be granted only “in accordance 
with applicable law, including the international obli-
gations of the United States.”12 This implies that there 
should be national law in the U.S. under which licenses 
for space mining can be issued. At present, no such law 
exists, though it has recently been reported that Rep. Jim 
Bridenstine (R-OK), is drafting a legislation “regarding 
property rights to resources mined from asteroids by U.S. 
companies.”13 Secondly, there is no clear official state-
ment on the U.S. international obligations with respect 
to space mining. Thus one cannot determine precisely 
whether or not the SREU Act is in violation of the in-
ternational obligations of the U.S. Such proclamation 
may be spelled out in a Report which the U.S. President 
is required and expected to submit to the U.S. Congress 
within 180 days of the adoption of the SREU Act; i.e. 
from 25 November 2015.14 Though the U.S. is obliged to 
interpret and comply with its treaty obligations in good 
faith,15 merely having a national law which is inconsis-
tent with such obligation is not a violation of its interna-
tional obligations. According to Ian Brownlie, “a breach 
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[of an international obligation] arises only when the State 
concerned fails to observe its obligations on a specific oc-
casion.”16 Therefore, if and when properly licensed U.S. 
private companies are engaged in space mining, which is 
determined to be contrary to the provisions of applicable 
international treaties, only then the U.S. would be con-
sidered in breach of its international obligations. 
 
Article II of the Outer Space Treaty declares that “Outer 
space, including the moon and other celestial bodies, is 
not subject to national appropriation by claim of sover-
eignty, by means of use or occupation, or by any other 
means.” This prohibition is considered to be strict and 
comprehensive covering appropriation by States, public 
and private companies and individuals. It is well known 
that the U.S. has been of the opinion that in accordance 
with this Article no State or individual or private com-
pany can validly claim sovereignty over or ownership 
of outer space and any celestial body, including aster-
oids. However, with respect to the ownership of natural 
resources of celestial bodies, there has been two differ-
ent views internationally. The U.S. appears to be of the 
opinion that the legal status of natural resources of ce-
lestial bodies is different from that of their surfaces, thus 
natural resources can be appropriated. This is reflected, 
at least impliedly, by the provisions of the newly adopt-
ed SREU Act of 2015. On the other hand, several States 
and legal scholars have been expressing that Article II 
prohibits both the surfaces and the natural resources of 
all celestial bodies, including the moon and asteroids. 
The latter opinion appears to be more logical when one 
reads the provisions of the Outer Space Treaty by us-
ing established rules of treaty interpretations.17 In this 
regard, Lyall and Larsen express more respective and 
well-established view: 

It is argued that the terms of Art. II of the [Out-
er Space Treat] prohibit only claims by states, 
therefore leaving open the possibility of a claim 
by an individual, and that such a claim creates 
a title which can then be passed on to a pur-
chaser. We disagree. A valid right of property to 
immoveable estate can exist only with a legal 
system established by a state and in relation to 
property over which the state has sovereignty. 
Since state claims to sovereignty in space can-
not exist, neither can title to immoveable prop-
erty on celestial bodies in space.18

Moreover, the intention of the Outer Space Treaty is un-
doubtedly to expand the benefits of all forms of space 
exploration and utilization. Therefore, when Article II is 
interpreted in the light of other provisions of the Treaty, 
it becomes clear that prohibition of appropriation is nec-
essary to allow the conduct of “exploration and use of 

outer space, including the moon and other celestial bod-
ies……. for the benefit and in the interests of all coun-
tries, irrespective of their degree of economic or scien-
tific development.”19 The Treaty establishes ‘balance of 
interests’ of all States. At the time of ratifying the Outer 
Space Treaty, the U.S. did not deny the requirement of 
sharing of space benefits, though it reserved the right to 
how to share these benefits.20 Briefly, inclusive interests 
of States should prevail over the exclusive interests of 
some States and their respective private companies. 

However, it can be said that currently there exists some 
ambiguity on the question of ownership of the resources 
extracted during space mining. The future of smooth and 
controversy-free conduct of space mining operations 
will depend upon a satisfactory answer to this question: 
What are potentially positive global benefits space min-
ing that might be derived and equitably shared through 
future regulation? 

One option to address the issue of uniform interna-
tional regulatory system for space mining could be that 
all States should ratify by the Moon Agreement, which 
provides for phased development of global governance 
system as exploration and exploitation progress, allows 
expressly some appropriation of extracted natural re-
sources, attempts to prevent celestial bodies from becom-
ing an area of international conflict, expands the provi-
sions for exploration and exploitation of celestial bodies 
exclusively for peaceful purposes, establishes the rule for 
help during emergency for humanitarian purposes, envi-
sions equitable sharing of benefits derived from space 
natural resources, etc. The second option may be, though 
not exclusive of the first option, to create an international 
public-private consortium modelled on the original IN-
TELSAT. For this purpose, the U.S. may adopt a national 
law, similar to the COMSAT Act of 1963, inviting other 
States to join such organisation. The U.S. private com-
panies possessing significant financial and technological 
resources would be able to play dominant role in the de-
velopment of the required technologies, organizational 
structure and business operations, safety standards and 
procedures, and to reap substantial benefits from space 
mining. It is believed that this approach will help elimi-
nating, or at least minimizing international political ten-
sions that are arising due to the adoption of the SREU Act 
of 2015, which is perceived to be a unilateral attempt to 
appropriate the celestial bodies. 

The SREU Act of 2015 introduces an important distinc-
tion between ‘asteroid resource’ and ‘space resource’. 
While the term ‘asteroid resource’ means a space resource 
found on or within a single asteroid, the term ‘space re-
source’ on the other hand means an abiotic resource 
in situ in outer space, including water and minerals.21  
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Their status is not fully spelled out in the Act. It should 
be noted that under the international space treaties there 
is no clear definition of “celestial bodies” and the Moon 
is undoubtedly a celestial body. The question is wheth-
er asteroids are celestial bodies, and if yes, what size, 
weight and nature of asteroids or meteorite will be used 
to determine their legal status. Tons of “star dust” falls 
to Earth every week and there are billions of asteroids, 
bolides, meteorites, micrometeorites. No one knows at 
what level something becomes a “celestial body”. In 
other words, the definitions used in the SREU Act of 
2015 need to be assessed with their compatibility with 
those in the international space treaties, particularly the 
Outer Space Treaty. 

Irrespective of the fact that billions (or even trillions) of 
dollars can be earned in profits and the right of States and 
their private companies to own space natural resources 
can be guaranteed, the success of space mining opera-
tions will heavily depend upon the formulation, adoption 
and implementation of safety standards and procedures 
for initiating and pursuing such operations. For this pur-
pose, the most important questions need to be addressed 
include: What would the major safety risks in space 
mining, who and how should safety standards and pro-
cedures be formulated and implemented? What would 
be the legal consequences for non-compliance with such 
standards and procedures? 

4. TECHNICAL CHALLENGES TO SPACE  
 MINING AND SAFETY STANDARDS

The essential elements for space mining operations in-
clude robotic systems that can carry out the mining op-
erations, a sustaining power source that can allow the 
robotic systems to operate, the sensing ability to locate 
valuable ores, water or minerals on the Moon or aster-
oids for possible recovery, transportation systems to and 
from the sites for the mining operations and to extract 
and process space resources without damaging the space 
and earth environment. The first stage to launching a 
credible effort to engage in space mining is to design, 
build and deploy surveyor probes that can go out at very 
low cost to identify likely sources for space mining and 
to create low cost transportation systems to support this 
effort. It is possible that in the future 3D printing sys-
tems equipped with the right “smart” software, robotic 
capabilities and raw materials could implement the in-
frastructure for an entirely functional space colony or 
other sophisticated tasks. For the nearer term space min-
ing activities, advanced survey and prospecting, low 
cost commercial transportation systems, robotic mining 
systems, and self-sustaining power systems represent 
the true core technologies. 

Clearly space mining to be successful must not only take 
on a wide range of technical challenges and find new so-
lutions but along the way work with safety experts and 
standards organizations (both national and international) 
to ensure that both automated systems and human crewed 
transportation systems and habitats are provided at the 
highest level of safety. There are, unfortunately many 
different types of systems, each with their own unique 
technical, operational and safety challenges and safety. 
Some of these systems include:

(a) Continuity and sustainability of remote electri-
cal power systems,

(b) Low cost and reliable deep space transportation 
systems,

(c) Reliable and precision low thrust maneuverabil-
ity jets,

(d) Remote robotically-controlled drilling and exca-
vation equipment that can be operated with reli-
ably in deep space,

(e) Informational technologies, networking, and 
telecommunications systems that are “smart”, 
efficient, and constantly sustainable, and

(f) Virtually all of these systems will also require a 
high degree of artificial intelligence, particularly 
if these systems are to operate remotely without 
human astronauts and at sufficiently great dis-
tances that tele-robotic systems are infeasible.

What is urgently needed is to adopt safety standards and 
procedures for extracting, processing, storing and using 
space natural resources on the celestial bodies, including 
asteroids, for orderly, safe and sustainable development 
of such resources. The nature of the technical challenges 
significantly increase if there are astronauts and remote 
human technical experts involved in the space mining 
operations. The additional requirements would include 
such features and life support systems for not only oxy-
gen and water supply, but the even greater challenge of 
food and other expendables that humans expect in the 
course of their daily lives. The ability to create off world 
growing of nourishment and material processing to create 
sophisticated products such as television sets, furniture, 
and other items for a remote habitat is clearly some years 
away. Thus it is likely that the first decades of space min-
ing and material processing would be based on automated 
systems. In time, however, there could develop capabili-
ties for remote space colonies that can sustain human life.

5. CONCLUSIONS

With well-funded projects and full determination private 
companies can be expected to develop necessary tech-
nologies and infrastructures required for space mining. 
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However, the success of their operations will depend 
upon appropriate and timely determination of solutions 
to the following issues: 

(a) What are potentially positive global benefits 
space mining that might be derived and equita-
bly shared through future regulation? 

(b) What would the major safety risks in space min-
ing, who and how should safety standards and 
procedures be formulated and implemented? 

(c) What would be the legal consequences for non-
compliance with such standards and procedures? 

 
The adoption of national laws, like the U.S. SREU Act 
of 2015, are the first important steps for initiating gov-
ernance system as they provide national regulatory basis 
for licensing process and continuous supervision of, and 
for imposition of safety standards and procedures upon, 
the space mining activities of private companies. How-
ever, the challenge will be to implement these laws in 
such a way that would not breach international obliga-
tions of the concerned States. Since space mining opera-
tions will be taking place in international environment of 
outer space or on celestial bodies (including asteroids), 
it would seem logical that safety standards and proce-
dures be international and comprehensive in nature and 
scope so that all interests of countries (space faring and 
non-space faring) remain protected. It would also be pru-
dent for these standards and procedures to use common 
metrics and interfaces so that rescue or repair operations 
could be more easily achieved. This is perhaps an areas 
where the IAASS could play a constructive future role.
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