June 2022

www.satellite-evolution.com | June 2022

issue-final.pmd

1

20/06/2022, 10:01

1

2

www.satellite-evolution.com | June 2022

issue-final.pmd

2

20/06/2022, 11:39

#ISS #SpaceX #AxiomSpace #ElonMusk #NASA

Crispin Littlehales, Global
Contributing Editor

Elon Musk has stated on more than one occasion, “For us to have a future that’s
exciting and inspiring, it has to be one where we’re a space bearing civilization.” These words have always been met
with thunderous applause and rightly so. What could be more thrilling than blasting off atop a rocket ship, disembarking
weightless onto the International Space Station (ISS), and watching the sun rise and set over your home planet 16 times
in 24 hours?
Flying humans to the ISS has become de rigueur for SpaceX. On April 8, the company’s Dragon capsule launched
four Ax-1 mission astronauts to the ISS. Organized by Axiom Space, the mission marked the first time a fully private
crewed group has ever visited the space station. It’s also worth noting that all previous ISS space tourists reached their
destination aboard a Soyuz spacecraft. Then, on April 27, Dragon made its fastest trip yet to the ISS (under 16 hours)
when it shuttled four NASA Crew-4 astronauts to the orbiting laboratory. SpaceX plans to launch another crew for NASA
in September, the fifth mission under the agency’s Commercial Crew Program. SpaceX is also scheduled to launch
Jared Isaacman, along with three other astronauts, on the private Polaris Dawn Mission by the end of the year.
Boeing has entered the space taxi game as well. Its CST-100 Starliner spacecraft successfully completed a six-day
flight for NASA’s Commercial Crew Program which tested the spacecraft’s end-to-end capabilities for transporting
long-duration crew members to and from the space station. Launched aboard the ULA Atlas V rocket from Cape Canaveral
on May 19, the capsule carried a lifelike test device nicknamed Rosie which had 15 sensors designed to collect data on
just what future human astronauts would experience during flight. Once Boeing and NASA review the data, they will
continue plans to outfit Starliner for its next mission, the Crew Flight Test.
NASA has even loftier ambitions underway. The agency’s US$93 billion Artemis Plan is coming to fruition with its first
phase, the Artemis I mission, now slated for August of this year. The world’s largest rocket, the Space Launch System
(SLS), will send the unmanned Orion capsule around the moon on a trip expected to last between 26 and 42 days. In
2024, Artemis II will carry a crew around the Moon without landing and the following year, Artemis III will rendezvous
with a Human Landing System module that will ultimately deliver the astronauts within six degrees of the Moon’s south
pole.
Clearly, we are on our way to being a “space bearing civilization” but at what cost to our planet? All these missions,
not to mention all the launches that have thrust more than 5,000 satellites into orbit, use oceans of fuel.
In this issue of Satellite Evolution Global, we interview Chris Carella, EVP of Business Development and Strategy for
Benchmark Space Systems, who shares positive news about how his
company is paving the way for green propellant solutions. Laurence
Russell reports on the UK’s potential to lead the green space revolution
and shares Spaceport Cornwall’s CEO Melissa Thorpe’s plans to create
a sustainable infrastructure. Russell also examines the possibility of
utilizing lunar helium-3 to create fusion power here on Earth with the
help of companies like Plus Ultra Space Outposts which aims to create a
communications array around the lunar surface to serve as a backbone
for the commercialization of such resources.
We take an in-depth tour of NASA’s spectacular James Webb Space
Telescope which is on the cusp of sending us images and spectra that
will alter our understanding of the universe. In addition, take a peek at
the new environmental dashboard which provides a precise
comprehensive view of the Earth and serves as a free resource for
scientists, decision-makers, and people who may not be familiar with
satellite or Earth observation data. Finally, we speak with Foster Ferguson,
Director of Aerospace for 3-D printing company, Stratasys, who explains
how the company’s latest collaboration with Lockheed Martin will impact
future satellite and spacecraft manufacturing efforts.
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#SES-17 #NASA #ESA #Arianespace

SES-17 starts delivering
connectivity services
across Americas
AMERICAS: SES has announced that its newest
geostationary Ka-band satellite, SES-17, is now fully
operational over the Americas, the Caribbean and the
Atlantic Ocean at 67.1 degrees West. The all-electric
propulsion satellite has reached orbit per schedule after
months of in-orbit raising and successful in-orbit testing.
The very high throughput SES-17 satellite built by
Thales Alenia Space is ready to provide unparalleled
connectivity services to customers across aeronautical,
maritime, enterprise, and government markets whether on
land, at sea, or in the skies.
SES-17 anchor partner, Thales InFlyt Experience, will
leverage SES-17 for FlytLive, a next-generation aviation
connectivity solution enhancing Wi-Fi experiences
onboard commercial aircraft across the Americas and the
Caribbean. Moreover, key enterprise customers in Brazil,
Argentina, Colombia, Mexico, Canada, including SSi Canada
and COMNET, will now expand the reach and capability of
their broadband networks to more remote areas.
With a fully digital payload powered by the most
powerful digital transponder processor in orbit, an
unmatched flexibility and nearly 200 user beams, SES-17
marks not only a significant development in satellite
technology, but also is a first step in the integration of SES’s
multi-orbit network. The spacecraft’s digital payload is
supported by the Adaptive Resource Control (ARC)
software, making it interoperable with SES’s secondgeneration O3b mPOWER satellite communications

Geostationary Ka-band satellite, SES-17
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Satellite News & Analysis
system in medium Earth orbit (MEO), set to launch in the
coming months.
“We are excited to have the highly-anticipated SES-17
satellite start delivering services, while redefining and
transforming the digital landscape for many different
applications across the Americas and ultimately bringing
high-speed connectivity to people wherever they are,” said
Ruy Pinto, Chief Technology Officer at SES. “At SES, we
are extremely thankful to our partners at Thales Alenia
Space and Arianespace that have shared our vision at each
step of SES-17’s journey to orbit.”
SES-17 was successfully launched onboard an Ariane
5 launcher operated by Arianespace from Europe’s
Spaceport in Kourou, French Guiana on 23 October 2021 at
11:10 pm local time (02:10 am UTC). SES-17 is the 37th SES
satellite launched by Arianespace and the 30th built by
Thales Alenia Space, joining the current SES satellite
network of 70 satellites.

NASA, ESA finalise agreements on
climate, Artemis cooperation
SPACE AGENCIES: NASA Administrator Bill Nelson and
ESA (European Space Agency) Director General Josef
Aschbacher signed two agreements at the ESA Council
meeting in Noordwijk, Netherlands, further advancing the
space agencies’ cooperation on Earth science and Artemis
missions.
“With these two agreements, NASA and ESA are
strengthening the relationship on two of our agencies’
primary mission areas: Artemis and Earth science,” said
Nelson. “ESA’s Lunar Pathfinder mission is critical to
advancing the communications infrastructure needed at
the Moon for a long-term human presence. And with the
United States and Europe providing more than 70% of the
world’s Earth science data, that agreement will set the
standard for future international collaboration at a time
when we need global collaboration most to tackle the
climate crisis.”
“When it comes to global challenges such as the
climate crisis, we each have our role to play,” said
Aschbacher, “but it’s only by joining forces that we can
achieve more. With leadership on both sides of the Atlantic
more committed to tackle this than ever, ESA and NASA
have a historic chance to further make space an integral
part of the solution when it comes to climate change
mitigation.”
“I am delighted to see this next step in the cooperation
between ESA, NASA and UK industry,” said UK Space
Agency Chief Executive Paul Bate. “Space is an essential
growth area of the UK economy, and it is exciting to see
this now extending even to the Moon!”
The Earth science agreement builds on the joint
statement of intent Nelson and Aschbacher signed in July
2021. The agreement outlines how the agencies will
collaborate to ensure continuity of Earth observations;
advance understanding of the Earth System, climate
change and application of that knowledge; and collaborate
on an open data policy that promotes open sharing of data,
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information, and knowledge within the scientific
community and the wider public.
The Memorandum of Understanding for cooperation
on the Lunar Pathfinder mission and access to lunar
communication services is part of an overall lunar
communications architecture. NASA is planning to arrange
for the delivery of ESA’s Lunar Pathfinder spacecraft to
lunar orbit via a Commercial Lunar Payload Services (CLPS)
delivery, and the Lunar Pathfinder spacecraft is expected
to orbit the Moon and provide lunar communication
services for assets on the lunar surface.
NASA will award a task order after issuing a competitive
request for task plans to its domestic lunar service
providers in the CLPS vendor pool. ESA is working with
the UK-based company Surrey
Satellite Technology Ltd. on the
development of Lunar Pathfinder.
Lunar Pathfinder is designed to offer
S-band and Ultra-High Frequency
channels for communications with
lunar assets, and communications will
be relayed back to Earth ground
station(s) in X-band frequencies.
NASA works collaboratively with
ESA on a variety of missions, including
as a key partner on Gateway with I-Hab,
Esprit, and the Sentinel-6 series that
makes critical global sea level
measurements. Currently, NASA has
more than 600 active international
agreements with organizations and
space agencies around the world.
NASA is collaborating with commercial
and international partners on Artemis
as we work to land the first woman and
first person of color on the Moon, using
innovative technologies to explore
more of the lunar surface than ever
before and establish the first long-term
human presence at the Moon.

#OneWeb #StellarBluSolutions #LEO #InflightComms
Aerospace to incorporate its electronically steered arrays
(ESA) into the terminal solution. This collaboration realized
breakthrough performance on OneWeb’s low earth orbit
(LEO) network. The new Stellar Blu platform, known as
“Sidewinder”, will continue flight testing through the
remainder of 2022, with a target for certification and
availability in mid-2023.
This first test flight was conducted aboard a Boeing
B777-200LR and took off from Fort Worth Alliance Airport
(KAFW), in Texas on May 27th at 15:20 UTC and flew for
just over one hour delivering the game-changing
connectivity experience.
This test flight validates not only the installation and
integration of the aircraft terminal, but underscores the

Oneweb, Stellar Blu
Solutions deliver LEO
inflight connectivity on
Boeing 777 test flight
INFLIGHT: OneWeb, the global spacebased communications company,
together with commercial aviation
terminal partner Stellar Blu Solutions**
achieved a significant milestone on
May 28, when it successfully delivered
high-speed, low-latency inflight LEO
satellite connectivity to a commercial
airliner.
Stellar Blu, has partnered with
antenna technology provider Ball
www.satellite-evolution.com | June 2022
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performance of the antenna technology, and verifies the
reliability of the connectivity during taxi, take-off, landing
and typical aircraft flight manoeuvres. As with any test
flight, the assessment of performance reviewed expected
parameters against vendor specifications, while also
instrumenting and verifying on-aircraft impact and
operating characteristics.
The Test Flight Crew simultaneously demonstrated the
ability to connect Teams calls, 4K YouTube streaming,
Netflix, online VR gaming and Nintendo Switch gaming,
among other structured performance tests. Maximum
speeds of 260Mbps download/80 upload and file transfer
scenarios of 5GB demonstrated in approximately 20
seconds. All while operating at well under 100ms of
network latency.
Commenting on the successful test flight, Ben Griffin,
vice president Mobility said: “This test flight represents a
fantastic milestone for OneWeb. Broadband in-flight
connectivity, delivered to a commercial aircraft via low
Earth orbit (LEO) satellites and an electrically steered
antenna (ESA) is now – finally – a reality. Together with our
partners Stellar Blu and technology from Ball Aerospace,
we are now well and truly on our way to delivering
consistently reliable, game-changing, affordable inflight
connectivity to commercial aviation users everywhere.
“This successful flight test demonstrates the power, not
only of the OneWeb network, but our industry focused and
partnership-led approach to the design, development, and
deployment of ground-breaking technologies to connect
commercial aviation. A solution designed for the aviation
industry, by the aviation industry”
This maiden flight represented the culmination of
several months' collaboration between Stellar Blu,
OneWeb and Ball Aerospace including ground trials and
flight tests. Their goal is to achieve certification in mid- 2023.
The Sidewinder terminal is ARINC 791 compliant to ease
8

integration on commercial aircraft, with a smaller form
factor option for installation on regional jets and singleaisle airliners.
Tracy Trent, Stellar Blu CEO, highlighting the
achievement commented: “This initial testing is more about
the integration of the components and accomplishing a
safe installation on the aircraft, versus proving the
connectivity functionality. That said, we are delighted by
the performance of the terminal during the test flight.
OneWeb is changing the reality of inflight connectivity now
and for the future.
“Our antenna will harness the power of OneWeb’s Low
Earth Orbit constellation to deliver high-speed, low latency,
globally consistent and reliable connectivity for every
passenger, without conflict or compromise. We are very
confident the Sidewinder terminal will present operators
with a purpose-built aviation solution, delivering new
breakthroughs for passenger experience, and redefining
aircraft operating expectations for reliability and
maintainability.”
Based on the electronically steered antenna
technology developed by Ball Aerospace, the terminal is
significantly, lower profile, lighter and smaller than existing
aviation antennas.
It will enable airlines to connect their aircraft,
passengers, and crew over OneWeb’s low Earth orbit (LEO)
satellite communication network. OneWeb expects this to
be a key differentiator as airlines initially embrace and
become confident in the benefits and performance of its
new LEO technologies.
* Experimental max throughput, not representative of
commercial speeds to packages
** Formerly GDC Advanced Technology. OneWeb and GDC
Advanced Technology signed a Joint Development
Agreement in November 2021 during the APEX Show

www.satellite-evolution.com | June 2022

issue-final.pmd

8

20/06/2022, 10:01

#Eutelsat #Mexico #RuralSchools

Photo courtesy Eutelsat

Eutelsat supports Mexican “Internet
para todos” connectivity
programme for rural schools

provide satellite connectivity service in the most remote
rural areas of the country, benefiting communities that
would otherwise remain isolated and that now have the
possibility of surfing the Internet, thus having access to
the benefits of connectivity such as communications with
family and friends abroad, e-commerce, distance learning
and contributing in this way to meeting the objectives of
the government through the “Internet para Todos”
programme.”
Eric Cataño Araiza, Founder and CEO of Globalsat,
commented: "This project is one of the most ambitious that
have been developed in this country. The offered
bandwidth is of very good quality for the end user. We, at
Globalsat, are committed to the service we offer our
customers, and specifically to this great project of “Internet
para todos” by CFE Telecomunicaciones. We know that
with this network, we will contribute to the reduction of
the digital gap and to the development of the most remote
communities in the country.”

MEXICO: As the end of the school year
approaches in multiple countries, including for
children in Mexico across the country, Eutelsat
Communications highlights its major role in the
Internet para todos (Internet for All)
connectivity programme, alongside three
leading Mexican service providers, including
Apco Networks and Globalsat. Eutelsat is
currently providing them with capacity on its
EUTELSAT 65 West A satellite, aimed at
connecting Mexican rural schools through the
installation of internet access points.
Apco Networks, Globalsat and another
internet service provider were selected to
support the government-backed CFE
Telecommunications’ “Internet para todos”
connectivity programme to accelerate the
provision of internet connectivity throughout
the Mexican territory. They are leveraging four
powerful Ka beams on EUTELSAT 65 West A
to build out coverage to areas beyond reach
of terrestrial infrastructure.
Juan Pablo Cofino, Chief Executive Officer
of Eutelsat Americas declared: “Connectivity
has become a basic human need, and we are
honored to be a key part in the solution to assist
the Mexican government in its mission to get
all Mexicans online. This also aligns with our
CSR mission to bridge the digital divide. Once
again, satellite is proving a robust, readily
available and cost-effective solution for
governments everywhere looking to fulfil their
global service objectives.”
Orlando Castillo, CEO of Apco Networks,
added: “At APCO Networks, we are very excited
about the evolution and commitment of
Eutelsat and our technology partners that
allowed us to integrate an efficient solution to
www.satellite-evolution.com | June 2022
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#JamesWebbTelescope #NASA #ESA #CSA

It’s showtime!
Crispin Littlehales, Global Contributing Editor, Satellite
Evolution Group
The James Webb Space Telescope (JWST) is in the final
stages of calibrating its science instruments, having already
completed its million-mile journey to the second Lagrange
(L2) point where it will orbit for the next 5 to 10 years.
Launched on December 25, 2021, aboard an Arianespace
Ariane5 rocket, JWST has deployed its sunshield and
mirror, cooled, and aligned its telescope, and tested its
ability to track a nearby object. Just weeks from now, JWST
will be transmitting images and spectra that will alter our
understanding of the universe.
NASA calls the James Webb Space Telescope a “feat
of human ingenuity”. It took more than 40 million hours to
build and involved thousands of scientists, engineers, and
other bright minds from around the world who pushed the
envelope of invention beyond anything that has ever been
done before (see sidebar: “World-class collaboration”). This
magnificent US$10 billion observatory will enable us to
learn how the first galaxies were formed by looking more
than 13.5 billion years into the past using near-infrared and
mid-infrared wavelengths with unprecedented resolution.
While the observatory moves through space it will also be
able to observe the planets, moons, comets, and asteroids
in our own solar system.

Space Agencies

the cosmos from the early universe to our own solar
system. To do this requires a complex blend of
instrumentation, specialized mirrors, a spacecraft bus, and
a sunshield:
Three-mirror system
The observatory’s concave primary mirror is massive—21.5
feet (6.5 meters) in diameter and approximately 270 square
feet (25 square meters) in area. It is segmented into 18
hexagonal pieces on a hinged structure, making it possible
for it to be folded up for launch and unfolded once it
reaches its orbit. Each segment is moveable so that
together they can co-align to work as a single, roughly
circular-shaped mirror capable of focusing the light into
the most compact region on the detectors. The secondary
mirror is only 2.4 feet (0.74 meters) in diameter and is
supported by three 25-foot-long (7.6 meter-long) struts
extending from the primary mirror. The tertiary and Fine
Steering Mirrors (FSM) are located within the black nose
cone in the center called the Aft Optics Subsystem (AOS).
The primary mirror captures the light and directs it to the
secondary mirror which then sends a light onto the tertiary
mirror and, ultimately, the fine steering mirror before
reaching the science instruments located behind the
primary mirror.

WHY JAMES WEBB?

The man for whom the JWST is named, James E. Webb,
headed up NASA from 1961 to 1968. He was neither a
scientist nor an engineer but his vision for the US space
program spawned a decade of space science and research
that was remarkable. Under his guidance, NASA invested
in the development of robotic spacecraft to explore the
lunar environment and sent scientific probes to Mars and
Venus. In all, Webb oversaw more than 75 NASA space
science missions including the Orbiting Solar Observatory
and the Explorer series of astronomical satellites.
James Webb also believed in empowering scientists
by giving them greater control in the selection process of
science missions. He created the NASA University
Program, which established grants for space research,
funded the construction of new laboratories at universities,
and provided fellowships for graduate students.
Webb once told President Kennedy that he didn’t think
landing on the Moon was the top priority for space
scientists. He said, “The people that are going to furnish
the brainwork on which the future space power of this
nation for the next 25 or 100 years will be made…think the
highest priority is to understand the environment and the
areas of the laws of nature that operate out there as they
apply backward into space.”

TECHNOLOGICAL WIZARDRY

Created to go beyond as well as to complement the
achievements of the Hubble and Spitzer space telescopes,
the JWST will enable scientists to observe every phase of
10

Arianespace’s Ariane 5 launches NASA’s JWST on December
25, 2021. Photo courtesy NASA/Chris Gunn
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Because the mirror system must operate at cryogenic
temperatures (less than 50 kelvins) engineers originally
built it “precisely wrong” so that its components would
shrink to the right shape and dimensions once in space. It
is protected from sources of heat and brilliance by a
sunshield that is roughly the size of a tennis court.
Multi-layered sunshield
There are five layers to the sunshield which have
membranes made of Kapton, a material with high heat
resistance that remains stable across a wide range of
temperatures. The outermost is only 0.002 inches (0.05
millimeters) thick. Successive layers are 0.001 inches (0.025
millimeters) thick, and all the layers are slightly different
sizes and shapes. This configuration
reduces exposure to the Sun by a
factor of one million, effectively
blocking and redirecting enough heat
to allow the telescope to operate in
extreme cold. The sunshield acts as a
divider separating the observatory’s
hot and cold sides. The side that faces
the Sun will reach temperatures of
383 kelvins while the cold side will go
down to 36 kelvins. By shielding the
instruments from the heat and light of
the Sun, Earth, and Moon, sensitive
infrared observations can be
conducted without interference.

•
•

subsystem and directs them to the appropriate
recipient. The C&DH also houses the Solid-State
Recorder device which serves as the memory and data
storage area.
Thermal Control Subsystem maintains the operating
temperature of the spacecraft bus.
Propulsion Subsystem houses the fuel tanks and rocket
engines that are fired to maintain the orbit and manage
momentum.

Scientific instruments
A collection of four extremely sensitive and precise
scientific instruments are contained on the cold side of the
observatory within the Integrated Science Instrument

Spacecraft bus
Providing support functions for the
operation of the JWST, the spacecraft
bus has six major subsystems:

•

•

•

•

Electrical Power Subsystem
converts sunlight into electrical
power which is distributed to all
subsystems required to operate
the observatory.
Attitude Control Subsystem
senses the orientation of the
observatory, maintains a stable
orbit, and provides the coarse
pointing of the observatory to the
area of the sky that the
instruments will observe.
Communications Subsystem acts
as the “ears and mouth” for the
observatory as it receives
commands from and transmits
data to the Space Telescope
Science Institute’s Mission
Operations Center.
Command and Data Handling
Subsystem (C&DH) is the “brain” of
the spacecraft bus and uses a
computer, the Command
Telemetry Processor, that takes in
the commands from the
communications
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issue-final.pmd

11

20/06/2022, 10:01

11

#JamesWebbTelescope #NASA #ESA #CSA

NASA James Webb Space Telescope Ground Engineer Evan
Adams monitors the progress of the Webb observatory as it’s
second primary mirror wing is prepared to rotate into position,
Saturday, Jan. 8, 2022, from NASA’s James Webb Space
Telescope Mission Operations Center at the Space Telescope
Science Institute in Baltimore. Photo courtesy NASA/Bill
Ingalls

Module (ISIM), also referred to as the main payload. The
near-infrared instruments work at about 39 kelvins through
a passive cooling system and the mid-infrared instrument
works at 7 kelvins, courtesy of a cryocooler system (helium
refrigerator).
Imaging and spectroscopy are the two overarching
observation modes. The light collected by the telescope
is received by the instruments which then use a variety of
specialized tools to generate the scientific knowledge
provided by each observation. These tools include
cameras that take pictures of astronomical objects;
spectrographs that break light into colors for analysis; and
coronagraphs that block starlight, allowing observation of
planets orbiting nearby.
The Near-Infrared Camera (NIRCam) is the primary
imager, equipped with coronagraphs that enable it to
capture images of very faint objects around a central bright
object. It provides high-resolution imaging and
spectroscopy for a wide variety of investigations and
operates over a wavelength range of 0.6 to 5 microns
where dust becomes transparent.
The Near-Infrared Spectrograph (NIRSpec) operates
over a wavelength of 0.6 to 5 microns and has a multiobject capability (microshutter array) that allows it to
observe 100 objects simultaneously. Each of NIRSpec’s
microshutter cells, approximately as wide as a human hair,
has lids that open and close when a magnetic field is
applied. Each cell can be controlled individually making it
possible to view or block a portion of the sky.
The Near-Infrared Slitless Spectrograph/Fine Guidance
Sensor (NIRISS/FGS) are housed together in the same
assembly. NIRISS is the only instrument with an aperture
mask that enables it to capture images of bright objects at
a resolution greater than the other imagers. It, too, operates
over a wavelength of 0.6 to 5 microns. The FGS detects
and identifies guide stars that are locked-in, thereby
ensuring that the telescope is pointed in exactly the right
direction throughout the observation.
The Mid-Infrared Instrument (MIRI) operates over a
wavelength of 5 to 28 microns and is used to study
12

redshifted light of distant galaxies, newly forming stars,
faintly visible comets, and objects in the Kuiper Belt. It is
equipped with an integral field unit—a combination of
camera and spectrograph used to capture and map
spectra across a field of view. Since it sees farther into the
infrared, it operates at just seven degrees above absolute
zero, which is the theoretical temperature at which all
motion freezes.
Getting the JWST pointed in the right direction to
observe various objects requires six reaction wheels that
store and exchange angular momentum to rotate the
observatory. These wheels function in combination with
3-star trackers and 6 gyroscopes that provide information
about where the observatory is pointing and how quickly
it is turning. The initial “coarse” pointing (arcminutes) is
refined by the Fine Guidance Sensor (FGS) which then
takes over, supplying the “fine” pointing (arcseconds)
required for observing. The FSM is used to compensate
for any minute vibrations and to steady the beam of light
coming from the telescope to the instruments with milliarcsecond precision. The FSM also facilitates very small
angle repointings—such as those required for viewing the
same object by different instruments—while the
observatory remains in the same position.

UNDERSTANDING THE ORIGINS OF THE UNIVERSE

Understanding humanity’s place in the great scheme of
the cosmos requires the exploration of the Epoch of
Reionization, the time after the dark ages that followed the
big bang. During this period, the universe was opaque to
some types of light because it existed in a gaseous fog of
neutral hydrogen and helium. It wasn’t until the first
luminous objects evolved and emitted high-energy light
that the gas was ionized into a more transparent state. The
JWST’s capacity to make ultra-deep near-infrared surveys
of the cosmos will enable astronomers to investigate this
early era of our universe and better comprehend its
evolution.
Another important part of the JWST’s mission is to study
galaxies over time. The observatory will capture light from
the first galaxies, measure star formation rates within
galaxies, and create detailed maps of gas, dust, and even
dark matter in our local universe. This will help astronomers
understand how galaxies are created, how they evolve,
and how they interact both with other galaxies and black
holes.
One of the JWST’s early investigations is aimed at two
hot exoplanets—the super-hot, lava-covered 55 Cancri e
and the airless LHS 3844 b. JWST will use its NIRCam and
MIRI to capture the thermal emission spectrum of the day
side of 55 Cancri e to determine the nature of its
atmosphere. NIRCam will also be employed to measure
the heat emitted from the lit side of the planet during four
different orbits. The results will help researchers figure out
if the planet rotates or is tidally locked. MIRI will be used
to explore the surface of the somewhat cooler LHS 3844 b
in an effort to determine the planet’s rocky composition
and to see if there are trace amounts of volcanic gasses.
Both investigations are expected to provide insight into
what our own planet might have been like early in its life
cycle.
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Space Agencies

#JamesWebbTelescope #NASA #ESA #CSA

WORLD-CLASS COLLABORATION
Space Agencies
The James Webb Space Telescope is a collaboration between the National Aeronautics and Space Administration
(NASA), the European Space Agency (ESA), and the Canadian Space Agency (CSA).
NASA is responsible for the overall mission.

•
•
•
•
•
•
•
•
•
•
•
•
•

Goddard Space Flight Center (GSFC) manages the entire project, leads its overall engineering, and produced
components for the Integrated Science Instrument Module (ISIM).
Jet Propulsion Laboratory (JPL) managed the US portion of the Mid-Infrared Instrument (MIRI), including the
cryocooler, and was responsible for the focal plane system and the flight software.
Ames Research Center (Ames) developed detector technology for the mission.
Marshall Space Flight Center (MSFC) developed mirror technology and provided environmental research.
Johnson Space Center (JSC) provided observatory test facilities.
Glenn Research Center (GRC) was involved in cryogenic component development.
ESA provided the Near-Infrared Spectrograph (NIRSpec) instrument, as well as approximately half of the MIRI
instrument.
ESA provided the launch vehicle and all launch services at Europe’s Spaceport in Kourou, French Guiana.
ESA will support mission operations at the Space Telescope Science Institute (STScI).
European scientists are represented in all advisory bodies on the project.
CSA contributed to the Fine Guidance Sensor (FGS) and Near-Infrared Imager and Slitless Spectrograph (NIRISS)
instrument.
CSA scientists will support mission operations at the STScI.
Canadian scientists are represented in all advisory bodies on the project.
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Q&A Benchmark Space Systems

Benchmark Space Systems
makes space more
accessible

Satellite Evolution Global

Chris Carella, EVP of Business
Development and Strategy,
Benchmark Space Systems

Q&A
14

Benchmark Space Systems offers scalable, launch
vehicle agnostic propulsion products and services for a
wide range of spacecraft—from 3U CubeSats through
ESPA-class (3-500kg) satellites, lunar landers, spent
launcher stages, and orbital transfer vehicles (OTVs).
The company’s Halcyon high-test peroxide (HTP)-based
propulsion system has successfully performed missioncritical manoeuvres aboard government and
commercial missions on three satellites, and its Halcyon
Avant green bipropellant thrusters will power
Spaceflight’s Sherpa-LTC OTV. We spoke with Chris
Carella, EVP of Business Development and Strategy, to
get the lowdown on Benchmark’s current and future
trajectory.
Crispin Littlehales, Global Contributing Editor, Satellite Evolution Group
Question: When was Benchmark founded and how has the company
evolved?
Chris Carella: One of our co-founders, Ryan McDevitt, worked on a smallscale propulsion system while getting his Ph.D. at the University of
Vermont. That was prior to the existence of the emerging small satellite
market in 2012. In 2014, Ryan started a company known as Greenscale
Technologies with one of his undergrad pals, Matt Shea. They were

Benchmark tripling production and doubling staff to meet in-space
propulsion demand
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Benchmark’s system architecture is modular allowing for rapid reconfiguration, serving a broad range of
spacecraft and missions

awarded a couple of Phase Zero grants to mature the
concept on paper, but it wasn’t until 2017 that there was
some market validation. Ryan and Matt decided to
restructure the company as a C corporation and rename it
Benchmark Space Systems.
The company closed a seed round of roughly US$2
million and earned its first US Air Force contract. This is
where we went from paper design to building a prototype.
We were focused on non-toxic propellants and developed
a CubeSat warm gas thruster, our Starling product line, as
well as a high thrust propulsion product line with an
HTP+alcohol-hypergolic thruster targeted for satellites
100kg and smaller. Just as the pandemic hit in 2020,
Benchmark identified a complementary high-test peroxide
(HTP) technology developer called Tesseract Space that
was working on hydrogen peroxide technologies, both in
a hypergolic thruster at the larger scale as well as a
catalytic combustion HTP thruster.
In August, Benchmark integrated Tesseract’s
intellectual property, assets, and staff under a permanent
licensing partnership. Six months later, the first
collaborative product using a thruster from Tesseract with
the fluid handling and electronics from Benchmark was
delivered to our first customer. The following year, two
government and one commercial flight systems were
launched into orbit aboard the SpaceX Transporter, and
we earned our space heritage.
Question: Green propulsion systems are increasing in
popularity as the industry embraces environmental
stewardship and looks for sustainability solutions. What
kind of requirements are you seeing in RFPs from
government and commercial customers and how do your
offerings stack up against their needs?
Chris Carella: Roughly 25 percent of the general
propulsion requirements in North America specify non16

toxic or green propellant. That percentage is notably higher
with our European customer base. I attribute that
motivation not only to the customer’s desire to be a
responsible steward within the emerging commercial
space ecosystem but also to pure economics and the need
to save money.
Green propellants can greatly reduce the costs and
even eliminate launch site fueling operations. When
compared to hydrazine, which is considered a high-risk
endeavour that requires several weeks of integration and
protective equipment, HTP offers an 80 percent cost
reduction. Safety considerations come into play as well.
Several popular launch vehicles have zero tolerance for
hydrazine in their payloads. There is also the In Space
Resource Utilization (ISRU) perspective, and researchers
are working on the manufacturing of HTP on-orbit using
water that is either carried into space or gathered there.
Some of our government customers and primes are
interested in adopting green propellant solutions, but the
stock or inventory of hydrazine-based systems is well
understood and trusted by the legacy suppliers. This gives
traditional systems more staying power than they’re worth.
Side by side, Benchmark is delivering about 30 percent
higher specific impulse and 70 percent better impulse
density than hydrazine. What’s more, our systems are
compact and can offer critical weight savings. That said,
government end-users and primes are very interested in
a green monopropellant called ASCENT (AF-M315E) and
Benchmark is developing technologies to support that
propellant as well.
It is going to take attention and funding to get to a multimode system using an exotic green monopropellant
because there are technology gaps and challenges on the
electric propulsion side that various companies are
addressing now. In Europe, both commercial and
government entities have been focused on green

www.satellite-evolution.com | June 2022

issue-final.pmd

16

20/06/2022, 10:02
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propulsion solutions for some time. They have interest and
experience with both green monopropellants and hightest peroxide. The green monopropellant commonly used
in Europe is patented LMP-103S. For that reason, we are
excited to announce our European expansion and the first
contracts to build and deliver Benchmark solutions in the
UK.
Question: Why is now the right time to expand into the
UK market?
Chris Carella: Benchmark began scouting the possibilities
back in 2019. The pandemic, along with traction in North
America, slowed the European strategy a bit. We were
fortunate to initiate a relationship with Mark Arthur during
a tour of customer prospects and space hubs around the
UK. He was gracious enough to provide contract support
to Benchmark through 2020 and come on full time in 2021.
With a capable executive, Europe’s interest in green
propellants (including an emerging multi-entity HTP
ecosystem), ESA’s Space Traffic and Debris initiatives, and
Benchmark’s on-orbit heritage, it was clear that the stars
aligned strategically for our UK expansion in 2022.
Mark, who led engineering at Clyde Space a while
back, is building a high-horsepower team, and we’re
excited to add their production and technology
development capability.
Benchmark has an extremely attractive solution
set for larger cubesats through OTV, and we have
recently penned a partnership to offer a best-inclass electric propulsion cubesat product that will
give Mark and the team excellent coverage of target
segments in Europe.
We just signed our first anchor UK customer in
Space Forge and will be co-developing a reusable
generation of our propulsion engines to enable
Space Forge’s in-space manufacturing mission. We
plan to be delivering our first propulsion engines to
Space Forge and other European customers from
our UK manufacturing and testing facility Northwest
of London by the end of the year.

#HTP #PropulsionSystem #GreenPropellants
waiting 12 to 24 months or more on production units and
reorders. We can produce a new product or configuration
in 9 to 12 months and can deliver production units and
reorders in six months or less.
Our system is turnkey, which makes integration easy.
We have also been maturing and demonstrating
something that we call the Advanced In-space Mobility
(AIM) framework, which is a smart layer that can incorporate
GNC and other sensor or space domain awareness data
as well as help articulate other systems such as reaction
control wheels or torque rods. AIM acts like a brain for the
satellite.
It will optimize whatever you need whether it is for
speed, precision, power, or propellant preservation from
point A to point B.
Finally, Benchmark is a full lifecycle partner from
mission planning through operation and de-orbit. Whether
we have the organic capability or team up with a supplier
partner, we are there as a holistic mobility partner and work
with customers throughout the extent of the mission. A
partnership ethos is threaded across all functional areas

Question: What makes Benchmark different from
the other players in the highly competitive
propulsion market?
Chris Carella: Benchmark’s systems are more
efficient than the common or exotic green
monopropellants. We use a novel catalyst material,
so we can avoid the precious metals and exotic
catalyst beds that some of the other propellants
require. We also have a moderate enough burn
temperature to use common materials to build our
combustion chambers and thrusters. As a result, we
perform longer burn durations in the 10-minute
range and beyond without any kind of thermal
management solution. Some of our competitors’
systems run at much higher temperatures or have
phase changes that limit their burn duration.
Benchmark’s system architecture is modular,
which allows for rapid reconfiguration. We can scale
tanks and reconfigure the envelope shapes to suit
a variety of bus sizes. There are companies who are
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#HTP #PropulsionSystem #GreenPropellants
of our team, as this culture of support and accountability
has been core to our identity, tracing back to the first
iteration of our mission statement “Our mission is to
improve yours.”

Q&A Benchmark Space Systems
Question: How is Benchmark planning to enable space
access, even as space gets more and more congested?
Chris Carella: Benchmark is making propulsion more
accessible to less sophisticated or capitalized customers.
While the legacy space actors can certainly
create systems with more built-in intelligence,
some of the NewSpace players don’t have the
in-house capabilities to optimize components
and subsystems and to really understand how
to operate them on their own.
By making smarter space mobility solutions
that can be quickly integrated and rapidly
reconfigured, we make space more accessible
for the entire customer base whether they have
advanced operations or small, challenging
budgets.
Question: What are the near-term and longerterm space initiatives and missions that excite
you the most and how is Benchmark poised to
support them?
Chris Carella: The exciting near-term missions
are the ones supporting large constellations. We
have already booked production contracts for
more than 100 engines, and just transitioning
from the prototype demonstration phase into
production is extremely exciting. That’s why we
started the company. As far as the future, I love
to nerd out on the “Sci-Fi” concept of on-orbit
servicing, assembly, and manufacturing as well
as off-planet economies.
We are working on building our rendezvous
proximity operations and docking capabilities,
and have several products on our roadmap to
support those initiatives and become OSAM
pioneers. We put a stake in the ground by having
a refuellable engine on the first HTP refueling
station on-orbit and we have several partners in
that ecosystem. Then there are large booster
stages or in-space operations along with cislunar
operations that we’re eyeing on the horizon.
We’re also looking forward to adding sales
horsepower to our team and upcoming
technology demonstrations, which will allow us
to focus on Benchmark’s commercialization and
partnerships in these advanced areas.

Chris Carella checks on flight system integration at Benchmark's
Vermont production facility
18

Question: What is next for Benchmark?
Chris Carella: First and foremost, Benchmark is
keenly focused on execution with excellence, as
we continue to listen to the collective voice of
our customers to anticipate evolving needs and
access to capital that will enable us to develop
the right technology at the right time. We are
striving to stay just ahead of the curve of what
the market needs.
That includes the AIM framework and unique
hybrid solutions. Benchmark also plans to
continue larger-scale system development to
support cislunar logistics as well as multi-asset
or second stage vehicles.
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Artist's conception of NASA's proposed LunaNet software. Photo courtesy NASA

Sustainability in the stars – Can we stabilize our
own planet with off-world resources?
Despite popular opinion around the space projects being somewhat lacklustre given the
weight of environmental concerns on Earth, there exists a healthy potential for supporting a
greener planet with off-world resources, specifically the Moon’s Helium-3 reserves. Such
futuristic concepts seem far beyond our time, but some developers are already working on
establishing these realities today.
Laurence Russell, Assistant Editor, Satellite Evolution Group

F

rom inside and out of the industry, climate concerns
have come to be frequently dismissed with the eyerolling diversionary tactic of over inflating the silver
lining of climate satellites and orbital efficiencies cutting
wasted industrial energy, as if a handful of green business
cases can redeem a multi-trillion-dollar industry’s footprint
across supply chain and launch.
Whilst it’s undeniable that disaster warning systems,
carbon tracking systems, and Earth monitoring satellites
do incredible work, we all know it’s intellectually dishonest
to consider them a proportional offset to the tons of
emissions produced by annual international space launch.
Nothing can confuse the space industry’s responsibility
to pursue sustainable manufacturing practices and green
rocket fuel adoption during the crucial ‘make or break’
years of the 2020s, but the progress we make in the stars
today could be crucial to fixing our planet in the mid-21st
century.
As NASA put it in a 2017 report, “the immediate
20

challenge to civilization’s global energy future lies in
meeting the needs and aspirations of the 10-12 billion
earthlings that will be on this planet by 2050.” By this time,
the planet will have seen a predicted ninefold increase in
energy demand.

CLEAN NUCLEAR FUELS ON THE MOON

With energy experts confident that nuclear power will
make up the second-largest contribution to the net-zero
power economy, much has been made of the potential of
“Generation IV” nuclear reactors, which have been
predicted to revolutionize output, affordability, and safety
in nuclear power generation.
With many European authorities becoming confident
about nuclear investment, stable nuclear fusion could be
right around the corner, which would decisively end fossil
fuel dependence for civilization forever. A particularly
strong fuel of these experiments is Helium-3 isotopes,
which, unlike traditional nuclear fuels, are uniquely able
to directly yield electrical current, and require electrostatic
confinement rather than magnetic containment, producing
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#Moon #Helium-3 #NASA #PlusUltra
large quantities of Helium-3, making the Lunar surface
richer with the isotope than the entirety of Earth’s geology.
It’s no wonder Helium-3 has often been identified as the
prize of the potential Lunar gold rush that industry experts
predict in coming decades. As NASA proposed: “A largely
privately financed initiative to utilize Lunar helium-3 for
terrestrial fusion power … will require minimizing both
capital costs and recurring operational costs to maximize
reliability over the very long term.”

CREATING A LUNAR FOOTHOLD

Carlos Manuel Entrena Utrilla, CEO & Founder at Plus
Ultra Space Outposts

untold quantities of power during fusion without even the
need for a generator turbine, and no hazardous waste
products.
It is not a lack of expertize that limits our capacity for
Helium-3 experimentation, but rather the extraordinary
rarity of the fuel on Earth. NASA’s report explains: “Although
quantities sufficient for research exist, no commercial
supplies of Helium-3 are present on Earth – if they were,
we probably would be using it to produce most electricity
today, considering its many technical, economic and
environmental advantages.” Of course, not all bodies in our
solar system are alike.
Devoid of Earth’s magnetic field, the Lunar surface has
been bombarded by solar winds for eons, coating it with

Putting in place permanent Lunar infrastructure is naturally
easier said than done. Agencies and enterprising
companies have spoken aspirationally about Lunar
colonization for years, but the hard work of making a reality
of it all still feels uncertain.
“The good news is that we’re closer than ever to making
it a reality,” says lunar expert, Carlos Manuel Entrenea
Utrilla.
The Artemis Accords, the first international agreement
in history for human lunar travel, have been signed already
by 20 countries. In parallel, the 2020s will see the largest
amount of lunar activity in human history, more than in all
our history combined in fact. Some reports, like the latest
one by North Sky Research, place the number of missions
planned during this decade at a whooping 250, starting
2022. This compares directly with the 140 missions’ number
from 2021, or the 90 from 2019, or the 133 missions
launched to the Moon since the beginning of the space
age. This spectacular growth and amount of activity is
being fuelled at roughly equal parts by NASA and the
private sector, both of whom are focused on ensuring the
success of the Artemis program: the former by funding
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Off-world Resources
again is stepping up to incentivize their investments with
their Near Space Network program. It looks like all the
pieces are in place, and we may as well end the 2020s
decade with the first permanent human presence in
another celestial body.

FOUNDING SUSTAINABLE CULTURE IN INTERSTELLAR BUSINESS

Artist's conception of Bigelow’s radiation shielded 330m²
Inflatable Habitat. Photo courtesy NASA

the risk mitigation of the program through precursor
missions and technology development, and the latter by
developing all sorts of services to either enable or grow
Artemis.
The success or failure of this first generation of missions
will set the foundation for our future lunar economy. If a
large enough number of these missions succeed, the
2020s will see the creation (out of nowhere) of the first
lunar markets: transportation and communications. These
markets will be the basis of the sustainability of the lunar
adventure. The companies serving them will be the first
lunar businesses, and the customers for future lunar
activities. Their landers and rovers will require power, spare
parts, roads, and communications, and the power
producers, the manufacturers, and the miners will require
landers and rovers to start and develop their businesses.
As soon as we can reliably get to the Moon, we will be in a
position to start using its resources. Eventually, we’ll be
able to move all our heavy, most polluting industry away
from Earth and its precious biosphere.
Companies all around the planet are rushing to enable
these commercial services within acceptable timelines for
their investors, with NASA acting as the anchor customer
for all of this. At least the 14 companies participating in
NASA’s Commercial Lunar Payload Services (CLPS)
Program have been developing lunar landers for years with
NASA’s support, and now they are enabling new
companies to start dreaming up new lunar businesses
centred around resource utilization. Several companies are
also announcing communications projects, and NASA

The space race in the mid-20 th century served as a
technological accelerator that galvanized the world’s postwar sciences that laid the foundation for the Information
Era we enjoy today. The “NewSpace Race” we are currently
seeing has the potential to serve a similar effect. With the
assets of the world’s billionaires irreversibly attached to
space economics, and their marketing teams eager to
reframe the contentions around space markets being
frivolous and environmentally unfriendly, there has never
been a better time to bolster the green space agenda.
“Green space” rhetoric prioritizes a commitment to
produce sustainable interstellar technologies that don’t
only avoid harming the planet through net-zero standards,
but directly or indirectly benefit the Earth.
“I believe sustainability is a responsibility that falls to
all of us,” Entrena Utrilla explains, “The Moon and other
celestial bodies have the resources necessary to sustain
all our heavy industry away from our biosphere. The Moon
has no biosphere to destroy, but we shouldn’t let it become
a wild west. International rules of conduct will have to be
developed, and we are already seeing the beginnings of a
framework with the Artemis Accords. Proper regulation is
the bedrock of ensuring commercial success and comes
hand in hand with commercial longevity.”
We should expect the first routine lunar missions to
start in 2022, laying the groundwork for a human return
after 2025. By then, we should be seeing a continuous
stream of 3-4 commercial lunar missions every year, almost
as frequently as flights to the International Space Station.
“This isn’t just a fanciful idea,” Entrena Utrilla insists. “The
lunar market is getting closer to reality every day. With all
these missions planned over the next decade, even a
success rate of 20-30 percent would leave us in a great
position to develop a comprehensive lunar economy that
can support our sustainability efforts on Earth through the
rest of the century”

Artist's conception of Plus Ultra Space Outposts' Harmony constellation
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#Vyoma #LEO #SpaceDebris

Space Defense

How do we address the growing importance of
Space Defense?
Vyoma offers space traffic management services to satellite operators by means of global
ground-based sensors that provide real-time tracking. The company plans to extend its
network with the deployment of observation satellites equipped with onboard cameras that
will monitor dangerous space junk and debris in LEO. Machine learning algorithms will then
be employed to deliver automated collision-avoidance procedures for its clients’ satellites.
With protection and sustainability at the heart of its business model, Vyoma is in the perfect
position to discuss the importance of space defense.
Luisa Buinhas, Co-founder, Vyoma

T

he demand for satellite communications is clearly
growing. Demand for connectivity continues and
satellites provide a wide-ranging set of capabilities
to end-users. With a huge increase in the number of
satellites being launched and infrastructures being
developed to address old challenges, such as latency in
data transmission and responses, the satcom industry is
repositioning itself to maintain its status and importance
within the communications sector.
The space industry has witnessed significant innovation
over the past couple of years. A recent report by Bryce
Tech shows that start-up space companies raised $15.4
billion in total financing in 2021, double the amount raised
in 2020.

As the interest in and use of satellites increases, so too
do the challenges that surround space management and
sustainability. Space Situational Awareness (SSA) is
growing more complex. The increase in the number and
diversity of satellites in orbit, paired with complicated
geopolitical situations, delivers new challenges within the
management of space sustainability. As reliance upon
satellite communications develops, how can the industry
look to truly understand in-orbit hazards?

SPACE DEBRIS: INTENTIONAL AND ACCIDENTAL

Space debris continues to be one of the most substantial
threats to satellites orbiting Earth. A small piece of debris
can cause major damage to a satellite, potentially leaving
it unable to function. Over decades of space use, space
debris has largely been caused by improper deorbiting

Vyoma Constellation Orbits. Photo courtesy Vyoma
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Space Defense

Luisa Buinhas, Co-founder, Vyoma

strategies, in-orbit collisions, or fragmentation events.
Whilst best practices have improved, debris continues to
be a growing problem.
The Inter-Agency Space Debris Coordination
Committee, comprised of space agencies from around the
globe, released its Space Debris Mitigation Guidelines
which detail recommendations, such as the requirements
for LEO satellites to deorbit within a set time (25 years,
preferably through direct re-entry into the atmosphere) and
for operators to dispose of GEO satellites through
manoeuvring spacecraft to an orbit above the GEOprotected region. Although detailed, the guidelines have
not been formalized as legislation, which has created a

lack of cohesion surrounding adherence to best practices.
Some operators are embracing the responsibility of SSA
and choosing to create policies that place emphasis on
space sustainability; joint initiatives, such as the Space
Safety Coalition, ‘Net Zero Space’ and the Space Data
Association; and the use of Space Traffic Management
(STM) systems. However, until there is a broad, industrywide approach, alongside legal enforcement, the number
of debris items in space will continue to rise.
The global geopolitical landscape is one of the largest
challenges to space sustainability and the mitigation of
debris. Not only is there a lack of cohesive regulation within
space, but space is becoming more and more politicized
due to growing tensions among countries. In the last four
years, ASAT missiles have been tested on in-orbit satellites
by governments, leaving clouds of debris in their wake.
Russia’s launch of its ASAT missile in November 2021
created more than 1500 pieces of debris, with China
declaring a near-miss between a piece of the debris and
one of its functioning satellites in January 2022. Working
cohesively within the orbit is imperative; as space can
clearly be weaponized. A single incident can have huge
ramifications for neighbouring space users, and current
global pressures are, once again, highlighting the fragility
of successful space use.

THE COST OF DEBRIS

The cost implications of a debris strike are significant. A
non-operational satellite is not only unable to create
revenue, but also the resulting disruption to services can
impact end-users. Additionally, a further strike can add to
the number of debris items in orbit. Public ground-based

Photo courtesy Dotted Yeti/Shutterstock
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monitoring systems are in place however the inaccuracy
margins can severely impact decision-making around risk.
Without a high level of accuracy, operators may have to
make costly manoeuvres for evading debris and end up
colliding with other debris objects that the craft would not
have collided with had it remained in its original position.
To truly maximize the opportunities of new technology to
address growing consumer demand for better
connectivity, as well as guarantee that it continues to be
an attractive area for investment, the satellite industry must
ensure that space remains sustainable and protected.
Developing technology to mitigate the collision risks
to in-orbit satellites must be a priority within the industry.
By improving the accuracy of STM systems, operators are
in a position in which data is reliable and accurate and can
therefore aid decision-making for space safety. Increased
accuracy can directly impact the number of manoeuvres
satellite operators are having to perform, therefore
minimizing mission downtime, and extending the satellite’s
lifetime. Tracking space objects is a fundamental
part of STM, as it enables small pieces of debris
to be cataloged and monitored. Currently, there
is a scarcity of STM data. The industry’s awareness
of debris is poor due to a lack of data on the
accuracies required to perform precise
observations. It is critical that the industry
improves its collection and sharing of data to
improve the reliability of STM services.
Satellite-based observation systems are the
next step toward improving space debris
monitoring. Space-borne sensors will be able to
operate continuously whilst monitoring large
swathes of space. This will enable high
frequencies of re-observation of objects, which
will reduce orbital uncertainties. Satellite-based
observations also deliver a true understanding of
the debris landscape, including improved
information on properties such as dimensions,
rotational behavior, and even materials of smaller
pieces of debris, due to higher resolutions
afforded by the systems’ proximity to the debris.
Without creating systems to truly understand
small debris, the industry runs the risk of limiting
itself. The more knowledge it has, the safer it is
for all stakeholders, and the more it can utilize
orbits and deliver better and more services to
end-users.

business, safeguarding measures must be put in place so
that STM is managed efficiently. The industry must also
look to new technologies to improve the accuracy and
responsivity of monitoring space debris. Collecting highquality input data from both space and ground is critical if
we are to paint a clear in-orbit picture. To make space truly
efficient, operators need a well-defined visual of the
satellites’ surrounding environments. Minimizing
unnecessary manoeuvres and establishing truly accurate
risk evaluations will enhance each orbit and enable the
industry to make the most of its potential.
As we see an emergence of new space technologies,
it is crucial to expand STM technologies to match the
sophistication of new satcom networks and infrastructures.
A move to automated data processing and in-orbit data
collection will enable the industry to take huge steps
forward in mitigating risks to satellites, providing operators
with the confidence to access new opportunities through
enhanced monitoring and management systems.

THE WIDER OPPORTUNITIES FOR SPACE SUSTAINABILITY

As we approach a new era within satcom, space
sustainability must be a priority for the entire
sector. Geopolitical issues continue to be an
ongoing challenge; however, we must
collectively take steps to make certain that
operations can run as efficiently as possible whilst
maintaining a clear sight on space debris. There
is a distinct need for space-based services being
provided by satellites, which is being reflected
by the sizeable investment in space companies.
To protect investments and make sure that it
continues to be an attractive sector for new
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Q&A Stratasys

Foster Ferguson, Director of
Aerospace, Stratasys

Stratasys joins forces with
Lockheed Martin to qualify a
space-ready filament
material
Stratasys, one of the world’s largest 3-D printing
companies, is providing baseline material qualification
data for Antero 840CN03 filament materials. These
materials offer the strength as well as the heat and
chemical resistance necessary for additively
manufactured parts such as those fabricated for the
Orion Crew Module space capsule designed and built
by Lockheed Martin. Foster Ferguson, Director of
Aerospace for Stratasys, explains how this project
impacts future satellite and spacecraft manufacturing
efforts.
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Question: How did this project with Lockheed Martin come about and
how is it progressing?
Foster Ferguson: Stratasys and Lockheed Martin have a deep partnership
that has evolved over many years. We work with several divisions, but
this project is all about the demands that come with making parts for the
space industry. Antero 840CN03 is a material that Stratasys developed
specifically for Lockheed and the space industry a few years ago. It is a
blended and functionalized PEKK-based high-performance ESD
thermoplastic composite material developed specifically for productiongrade Stratasys FDM® 3D printers that meets ESD performance and
NASA outgassing requirements. It also exceeds the flame, smoke, and
toxicity (FST) characteristics required for aviation applications. We have
also done testing from a fatigue standpoint and the data tells us that
Antero 840CN03 has about three and a half times greater fatigue
resistance than other printed materials. These characteristics are key to
Lockheed which used the material on a Stratasys F900® printer to create
the hatch cover for the Orion spacecraft.
Whenever we develop a new material for our additive manufacturing
platform, we take a holistic look at the industry in which the material will
function. We consider all the variables to ensure that the new material
has the performance, reliability, and repeatability that has earned
Stratasys its reputation for excellence over the last 30 years. The baseline
material qualification project provides greater comfort and understanding
of the material to the engineers who are now integrating additive
manufacturing into their design processes. Working on this effort with
Lockheed will enable them to push the horizon and take their
manufacturing into the next realm.
Question: How did you go about collecting and qualifying the data?
Foster Ferguson: During the first phase of qualification, a baseline set of
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Orion Hatch PEKK cover. Photo courtesy Stratasys

data was collected by printing more than 280 test coupons
in Antero 840CN03 on Stratasys Fortus® F900® 3D printers
at Lockheed Martin in Littleton, Colorado, and Stratasys
Direct Manufacturing in Belton, Texas. Coupons were
tested for tensile strength properties which is an important
mechanical property for design. Data collected confirmed
the high performance of the Antero material as well as the
consistent mechanical properties which have been
previously shown in academic studies. We needed to rely
on people who understood the process and could develop
a full test matrix including parameters such as testing
conditions, coupon quantities and traceability.
We can’t just commercialize the material and expect
people to trust it without being able to back up our claims.
Therefore, we are public about our data. We want our users
to adopt the material and have competency as they push
for optimum performance levels. We also wanted to make
sure that the material was in compliance with both the
National Center for Advanced Materials Performance and
the National Institute for Aviation Research.
Question: What are the advantages of using 3D printing
in the satellite and space industry?
Foster Ferguson: When you are trying to develop
components for spacecraft, you need to complete your
project in a timely fashion so that you can get to market
30

first, and global supply chain issues are a very real
impediment. If you can produce what you need locally, on
the manufacturing floor, and not have to depend on
suppliers, it saves a tremendous amount of time. For
example, I recently visited a customer that was able to build
a supersonic plane and get it to market within 18 months.
Such an accomplishment would have been impossible
without additive manufacturing.
It is also quite a bit more expensive if you are paying
someone else to design and create customized
components. Having that capacity organically is a gamechanger. You can imagine how important this is for
government entities such as the Department of Defence
and the National Labs which are trying to develop
equipment to help advance our strategic positioning in the
world.
We recently acquired Origin, a San Francisco-based
company pioneering a new approach to the additive
manufacturing of production parts using programmable
photopolymerization to precisely control light, heat, force,
and other variables to produce some of the toughest and
most resilient materials in additive manufacturing. We’ve
also created partnerships with other companies and
introduced GrabCAD print software for our H350 3D printers
to enable two-way connectivity and enterprise-wide
applications.
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Q&A Astroscale

#Stratasys #3DPrinters #MSU

Panel on the Orion hatch

Think about what’s involved in the manufacturing
process. There are so many steps that go into creating the
prototypes, the jigs, fixtures, and components that are
necessary to create your final part or product. Using our
technology, it’s possible to design, iterate and customize
rapidly. We are at an inflection point right now. New
technologies, materials, and qualification
data are all key components of adoption
integration. Then, too, as more of our 3D
printers are being used in universities and
community colleges, we’re also seeing the
additive manufacturing workforce evolve.

requires. Repeatability is another factor that makes our
systems attractive; you can perform the exact same
process on a different machine in another location and
maintain absolute accuracy. If you look inside any vessel
being sent into space, you’ll see a huge range of parts and
non-structural things such as connectors to electrical
housing, cable guides, and panelling—really the whole
gamut. The name of the game is finding out how to
accelerate production without sacrificing integrity.
We recognize the industry growth, and we intend to
commit a lot of resources and collaboration efforts to work
with satellite and space companies to deliver reliability,
repeatability, accuracy, and speed. Satellites are very
customized. Instead of cutting up a block of aluminium, or
having something cast, you can 3D print everything inhouse. You can test it quickly and adjust whatever you
need. What’s more, local sourcing adds resiliency to the
supply chain.

Question: How and why did you involve
Metropolitan State University (MSU)
Denver in the baseline material qualification data project?
Foster Ferguson: Both Lockheed and
Stratasys have a long-standing relationship
with MSU Denver, and their engineering
students use one of our F900 printers. We
wanted to be very objective in the gathering
of the data so we needed a couple of
different locations and an independent
academic institution to publish the data so
that it would be impartial. In addition, when
we want that data to become public to allow
others to adopt the material specification or
the process specification, then MSU Denver
is in a position to enable that.
It’s a mutually beneficial arrangement.
MSU Denver is in the proximity of many
aerospace companies that use additive
manufacturing. Those users put a lot of
emphasis on workforce development so the
engineers that are coming out of MSU
Denver have a great deal of competency
when it comes to 3D printing space-ready
materials.
Question: Are there other players in the
satellite and space industry who use your
technology?
Foster Ferguson: Every big name in the
industry is probably connected to Stratasys
in one way or another. When you use our
systems, you are printing in an enclosed
build chamber which can be controlled to
the tolerances that the space industry
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#JohnGaler #HollyRidings #KennyRobinson

John Galer named
Aerospace’s Chief of
Government Relations
The Aerospace Corporation (Aerospace) announced in May
that John Galer has joined the company as the new Chief
of Government Relations.
In this role, Galer will lead Aerospace’s government
relations activities, providing strategic vision and execution
of a growing portfolio of educational and outreach efforts
to Congress, Executive Branch, and state/local
government officials.
“We are excited to have John joining the Aerospace
team to help us communicate with and serve as a trusted
partner to key leaders in the executive and legislative
branches,” said Jamie Morin, Vice President at Aerospace.
“John’s strategic vision, past experience in uniform, and
the credibility he has won working across industry, will be
great assets as Aerospace continues to work to advance
national interests and shape the future in space.”
Prior to joining Aerospace, Galer served as the assistant
vice president for National Security Space at the Aerospace
Industries Association, where he provided policy
leadership and represented industry consensus on
national security space matters. Galer is a former activeduty Air Force space operations officer with experience
leading dynamic teams in strategy, policy,
communications, government relations, and operations.
During his career, he has served as a satellite operator and
integrator and as a trusted advisor and strategic
communicator for chief executives in the Department of
Defense, intelligence community, and US Congress.
Galer is currently pursuing a doctorate of International
Affairs at Johns Hopkins School of Advanced International

John Galer named Aerospace’s Chief of Government
Relations

Studies. He holds a bachelor’s degree in journalism from
the University of Illinois at Urbana-Champaign and an MBA
from Florida State University. Galer succeeded Dr. John
Plumb, who was recently appointed as Assistant Secretary
of Defense for Space Policy.

NASA
Holly Ridings, the first female chief of NASA’s flight
directors, will now help lead the agency’s Gateway
Program, an international partnership to establish
humanity’s first space station around the Moon.
In her new role, Ridings will serve as the deputy
program manager, where she will lead teams to build
and launch NASA’s foundational infrastructure in deep
space.
“I am honored to help lead the Gateway Program—
a blueprint for NASA’s exploration plans to the Moon
and beyond,” Ridings said. “Serving as chief flight
director has been a great honor, and I will carry the
excellence of Flight Operations with me to the
incredible Gateway team.”

Northrop Grumman names Kenny Robinson as Chief Diversity Officer
Northrop Grumman Corporation has named Kenny Robinson as Vice President and Chief Diversity Officer, effective
May 31. Robinson will report to Kathy Warden, Chair, Chief Executive Officer and President, and will work closely
with the company’s executive leadership team. He is succeeding Sandra Evers-Manly, who is retiring in June, after
a 40-year career with Northrop Grumman. Robinson’s appointment continues the company’s strong commitment
to a diverse workforce, an inclusive culture and a workplace that creates opportunity for everyone.
Robinson will continue to advance Northrop Grumman’s diversity, equity and inclusion (DEI) strategy and
programs, and the company’s corporate citizenship, DEI and ethics programs, as well as serve as president of the
Northrop Grumman Foundation.
Robinson is currently Vice President, Engineering and Sciences for a division in the Mission Systems sector.
Previously, he led organizations within the company’s Space business. Robinson joined Northrop Grumman in 2007
following a distinguished career in the US Air Force, culminating as the commander, Global Positioning System
Control Segment Group. He holds a bachelor’s degree in biological sciences from the US Air Force Academy and a
master’s degree in applied management from Lesley University.
Northrop Grumman is a recognized champion of diversity, equity and inclusion and committed to driving positive
change in our company and beyond. Diversity of thought and experience remain fundamental to Northrop
Grumman’s values. Our most recent Sustainability Report provides transparency into our goals, initiatives and
progress.
32
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#JacksonKemper #MaryNormand

Stratolaunch welcomes new officers
to Executive Leadership Team
Stratolaunch LLC has appointed two new executives to its
corporate leadership team. Jackson Kemper, III joins as
Chief Revenue Officer overseeing the company's business
and customer contract strategies. Mary Normand joins the
team as Chief Financial Officer, managing the company's
financial actions. Their appointments are effective
immediately.
Mr. Kemper is an industry veteran with more than 30
years leading sales and business development efforts to
global government and enterprise customers. Prior to
joining Stratolaunch, he led the US Government sales
efforts for Mynaric, AG, a provider of optical
communications terminals for space, air, and ground
applications. Before Mynaric, he also spent five years as
the revenue lead for Tresys Technology, LLC, a provider
of government-certified cybersecurity products and
services, providing solutions to Enterprise and Government
customers globally.
Ms. Normand joins Stratolaunch from Vantage
Associates, where she was the CEO/CFO of an employeeowned company (ESOP). In this role, she stabilized business
operations, securing improved quality of earns for the
employee owners. Prior to that she was Vice President of
Finance for Cobham, where she led the western region
businesses and supported the US SBU. She was also Vice

Jackson Kemper, III is Chief Revenue Officer for
Stratolaunch LLC

President of Finance at Meggitt and special assistant the
corporate management team. In this role, she
implemented material requirements planning successfully
in worldwide operations, on time and budget. Mary started
her career at BAE Systems, where she progressed to
Director of Finance.
Both are delighted to join Stratolaunch knowing that
the organization will play a key role in supporting the
development of hypersonic testing, a key advancement
for our national defense strategy.
"We are happy to welcome Jackson and Mary to the
team during an essential time as the company begins to
expand its customer portfolio, while also preparing to offer
initial flight test services, said Dr. Zachary Krevor,
Stratolaunch President and CEO. "Their contributions will
improve the long-term approach and execution of
Stratolaunch's business strategy and ensure our service
offering and contracts are well-integrated with customer
requirements."

Multinational business leader
joins breakthrough technology
space company

Mary Normand is Chief Financial Officer for Stratolaunch
LLC
34

Vaya Space, Inc., has announced that well-known
multinational business leader Brent David Willis has
joined their company as Chief Executive Officer,
replacing CEO Grant Begley, who will continue with
the firm as a member of the Board of Directors.
NASA’s first US born Hispanic Astronaut and
Shuttle Commander, and current Vaya Space
Chairman, Sid Gutierrez commented, “We are so
excited to have Brent join our leadership team. Brent
is a mission-oriented and values-centric leader that
fits in perfectly with our culture. We are confident that
his experience in developing transformative strategies
in major multinational companies will translate to Vaya
Space becoming the leader in the Space Industry.”
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Q&A Kea Aerospace

Melissa Thorpe, CEO of Spaceport Cornwall

Bringing space down to Earth – How the UK is
nurturing the green space revolution
As the global space industry begins to truly flourish, it is beginning to attract the attention of
environmental activists, who are understandably concerned about the cost the planet pays
for our satellites and spacecraft. With the proverbial rulebook on space business waiting to
be written, we find ourselves at a pivotal juncture, with the opportunity to normalize
sustainable practice in space before we start making mistakes. The UK has been a haven of
this “green space” narrative and has the potential to disrupt the unsustainable markets we
see influencing budding space economies.
Laurence Russell, Associate Editor, Satellite Evolution Group

D

espite its relative size, the space industry has not
been exempted from contemporary debates
around retooling our economy to work in harmony
with our environment.
The average SpaceX Falcon 9 launch uses 29,600
gallons of Kerosine fuel, which releases 336,552Kg of CO2
into our planet’s atmosphere, a popular equivalent of which
would be flying 341 people from London to New York.
While the comparative carbon cost of kerosine flights can
be argued to be a drop in the ocean next to the work of
the commercial aviation industry in a single day, noxious
fuels are more sinister. Eurostat calls methane 25 times
more harmful than simple CO2 and nitrous oxide 298 times
worse for Global Warming Potential (GWP).
With two to three space launches currently occurring
36

every day, it’s easy to see how these impacts could
represent significant harm as the space economy rapidly
scales up in the coming decades, making it one of the
biggest climate risks at a time when we can’t afford to go
on as we are.
That is to say nothing of the carbon footprint associated
with the manufacturing process of a space rocket, which
dwarfs its launch footprint, given the energy-intensive
requirements of aluminium and steel production and the
transportation logistics that support it.
Much of the innovation required to bring those
footprints down needs to come from those sectors, though
the space industry can also have a huge effect by
prioritizing the development and launch of reusable craft,
which can serve multiple missions after construction and
needn’t be disposed of so haphazardly.
Needless to say, the industry has a lot of work to do.
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Green Space Revolution
THE RACE TO GREEN ROCKET FUELS

Sustainable Aviation Fuels (SAFs) have seen popularity
across the public and private sectors for their capability to
reduce emissions by significant degrees, earning
mandates for use from governments through schemes like
the UK’s Renewable Transport Fuel Obligation (RTFO)
which rewards their use, as well as investment by some of
the largest aerospace manufacturers in the world.
We reached out to Skyrora’s Alan Thompson, Head of
Government Affairs, who has strong feelings about the way
policy influences the environment. “We recommended to
the UK Government that environmental regulation be first
on the list of requirements for the space industry to qualify
which will make a very realistic effort in the interest of
creating a net-zero NewSpace market in Britain,” he
explains.
Skyrora has taken the initiative to produce greener fuels
too. “Skyrora beats other launchers in terms of carbon
credit value. We burn six parts hydroperoxide to one-part
kerosine in our fuels, which means we’re producing 45
percent fewer emissions compared to traditional launchers
who are in a race to the bottom to reduce their cost at the
expense of quality, safety, and the planet. There’s still a
footprint there of course, so we’re not at net-zero without
utilizing offsetting measures yet, but we’re working on it,
and we take the effort very seriously.”
Skyrora also made significant headway in this arena
with their innovative Ecosene solution, a kerosine-like fuel
derived from nonrecyclable plastics. While still a
hydrocarbon, the fuel poses massive disruptive power to

#UK #Space #SpaceX #Spaceport
influence the fossil fuel market share and incentivize the
collection of waste petro-plastics.
“We’re not satisfied with being held at our word,”
Thompson insists. “We want a strong relationship with
environmental protection agencies at home and abroad
so they can corroborate what we’re trying to do and help
us raise the bar for the art of space launch.”
If real change is to happen, it’ll take more than singular
companies doing the right thing. For an endeavour as big
as achieving a net-zero economy, the industry needs to
pull together, and that’s exactly what Britain’s spaceports
have been promising.

THE WORLD’S FIRST NET-ZERO SPACEPORT

Cornwall Council has declared that it will render the entire
Cornish economy net-zero by 2030, a significant challenge
given its spaceport. However, Melissa Thorpe, CEO of
Spaceport Cornwall, has stated time and again that she’s
up to the challenge.
“Historically, the space industry hasn’t been the most
reactive in responding to more sustainable practices,
especially with launches, and were subsequently not very
transparent about those shortcomings,” Thorpe admits. “It
occurred to us that a budding industry like this could be
influenced massively by positive behaviours and innovative
ideas before harmful practices become set in stone.
“A net-zero space launcher, spaceport, and even
commercial airline are all fully possible, it just takes the
will and ambition to do it. It’s a conversation some of the
best minds in the world are having. As we begin to support

Boris Johnson with Senior Spaceport Cornwall staff at Hanger 1 during the G7 Summit
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UK Business Secretary, Kwasi Kwarteng and Melissa Thorpe, CEO of Spaceport Cornwall

the delivery of high-performance low emission rocket
fuels, we’re also creating solutions for the aviation industry,
who are desperate for a breakthrough like that.”
Thorpe is keen to insist she isn’t interested in
perpetuating a greenwashed marketing ploy at her
spaceport, with ahead-of-the-curve understandings about
the low status of offsetting in the carbon economy, and
the importance of addressing the logistic and
manufacturing systems that support the space economy.
“Space companies should consider how their supply
chains add to their carbon footprint,” she says. “For us, we
need to pay attention to the entire lifecycle of a business,
starting from the materials used to construct the hardware
and fuels; to the way they’re deployed; how we track them
and store the associated data; and of course, how we
dispose of materials at the end of their operational life.”
Low emission rockets are fantastic, but if they’re
dragged down to Cornwall from Scotland piece by piece
on 18-wheelers full of diesel you’re just robbing Peter to
pay Paul.
“Half of Virgin Orbit’s system is reusable right now, and
we’re serious about supporting them through R&D across
other areas of their operations. This is more than just an
achievement of expert engineering to Virgin, it’s what’s
necessary for 21st-century economics.”

CAN THE UK POPULARIZE GREEN SPACE?

When Spaceport Cornwall was set up in 2019, they found
themselves in very close proximity to local
environmentalists’ frustrations. Those concerned about
38

climate change were dismayed to hear that rockets would
be launching from the same county that was hosting the
G7 summit, which focused on the climate crisis.
Eager to prove to their community how space could
be a force for good on Earth, as well as how such an
industry can lead the way to net-zero ahead of more
established economic sectors, the Spaceport took great
care to explain how they intended to be part of a solution
and were met with a chorus of agreement from across the
British Isles. That momentum hasn’t stopped, and real
progress has been made on delivering on what was
promised, with some very exciting developments ahead.
“The UK has a bright future in the NewSpace market,”
Thorpe explains, “If we want to realize that future
sustainably, we had better start launching more
responsibly right here, and challenge other nations to do
the same. Even being able to now launch from home soil,
rather than shipping satellites all over the world, can cut
our carbon footprint and create a better standard for Britain
at large.
“The UK has a real opportunity to disrupt the way space
launch is done, by creating foundationally sustainable
infrastructure and rapidly scaling it up inside a firmly
environmental culture, we can capture market share not
by being the biggest, but by being the smartest.
“Spaceport Cornwall has to bring space down to Earth,
by engaging our local communities as well as the world
beyond and being transparent and open about it. This is
how we take people with us on the journey to the world’s
first net-zero spaceport that doesn’t cost the Earth.”
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