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Ø AcademicBackground
-KyunggiHighSchool ('72)
-B.S. inCivilEngineering,SeoulNationalUniversity ('78)
-MSandPhDinConstructionManagement,Universityof

Wisconsin-Madison

Ø CareerHighlights
- (Former)Presidentof theKICT
- (Former)Presidentof theKoreanSociety forRailway
- (Former)Presidentof theKoreanSocietyofCivilEngineers
- (Former)VicePresidentof theKoreanFederationofScience

andTechnologySocieties (KOFST)
- (Current)Professorat theDepartmentofCivilandEnvironmental

Engineering,HanyangUniversity
- (Current)Directorof the InternationalAssociationforAutomation

andRobotics inConstructionCivilEngineering
- (Current)KoreanRepresentative for theOECDIFP
- (Current)Directorof theClimateChangeCenter
- (Current)Directorof theKOFST
- (Current)VicePresidentof theKoreaEngineersClub

Ø Awards
-DoyakMedal– theOrderofScienceandTechnologyMerit
-PresidentialAward–thehighestnationalhonorbestowedaKorean

ScientistandEngineer

Founder and CEO of ISERI
Professor (Hanyang Univ.)

Biography
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Moon & Mars Villages 
Construction Plan of 

International Lunar Exploration 
Working Group by 2030

3D Printing Space Station on Mars

Moon Village?
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Living outside the Earth is a huge challenge
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Is a Moon Village really possible?
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A Moon Village is really possible!
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A Moon Village is really possible!
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Participation in 
Hyperloop 
Research KICT – Semi Finalist in Hyperloop 

One Global Challenge

Hyperloop Changes the Paradigm of Traffic!
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KICT & HTT are going to 
cooperate about 
‘HYPERLOOP’

Hyperloop will be realized soon
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What is In Situ Resource Utilization (ISRU)?

Resource Assessment (Prospecting) Resource Acquisition

Resource Processing/ Consumable Production

In Situ ConstructionIn Situ Manufacturing

In Situ Energy

Assessment and mapping of physical, 
mineral, chemical, and volatile/water 
resources, terrain, geology, and 
environment

Drilling, excavation, transfer, 
and preparation/ beneficiation 
before Processing

Processing resources into products with 
immediate use or as feedstock for 
construction and/or manufacturing
Ø Propellants, life support gases, fuel 
cell reactants, etc. 

Civil engineering, infrastructure 
emplacement and structure 
construction using materials 
produced from in situ resources
Ø Radiation shields, landing pads, 
roads, berms, habitats, etc. 

Production of replacement parts, 
complex products, machines, and 
integrated systems from feedstock 
derived from one or more processed 
resources

Generation and storage of electrical, 
thermal, and chemical energy with in 
situ derived materials
Ø Solar arrays, thermal storage and 
energy, chemical batteries, etc. 

ISRU involves any hardware or operation that harnesses and utilizes ‘in-situ’ 
resources to create products and services for robotic and human exploration

G. Sanders (2017), ISRU and Earth

ISRU
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ISRU Is Synergistic with Terrestrial Needs

G. Sanders (2017), ISRU and Earth

JSC Engineering: HSF Exploration Systems Development

Promote Reduce, Reuse, Recycle, Repair, Reclamation …for benefit of Earth, and living in Space.

Food/Water Construction

EnergyMining

§ Reduce or eliminate cement and 
asphalt – renewable materials

§ Alternative construction 
techniques – 3D printing
§ Remote operation and 

automation

§ More efficient power 
generation, storage and 
distribution

§ Increase renewable energy:  Use 
sun, thermal, trash, and alternative 
fuel production

§ Reduction of Carbon Dioxide emissions

§ Increase safety
§ Reduce maintenance
§ Increase prospecting            

mining, and processing efficiency
§ Improve environmental 

compatibility 

§ Improve water cleanup 
techniques

§ Advance food/plant growth 
techniques and nutrient 
production

ISRU
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Breakdown Structure of ISRU Construction Technologies

Technology Areas (TA)

NASA 2005 ISRU Road Map

R. Mueller (2017). Construction with Regolith, CLASS / SSERVI / FSI, The 
Technology and Future of In-Situ Resource Utilization (ISRU), March 6, 2017.

Key 
TAs
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Processes and Products

Construction:  Roads, Landing Pads, Structures, Plume Protection

M
et

ric
 T

on
s

Autonomous & 
Tele-operation

Surface & Subsurface 
Evaluation

Area Leveling/
Grading/Berms

Sintered/Fabricated Pavers Combustion Synthesis

Waterless Concrete

G. Sanders (2017), ISRU and Earth

Additive Construction

Key 
TAs
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ISERI Vision

Develop on 
In-situ Resource Utilization (ISRU) 

construction technologies 
which can contribute to 

manned exploration to the Moon & Mars

International Space Exploration Research Institute
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ISERI Goal

Lunar Test bed
(Vacuum Chamber)

Develop additive construction technology using 
regolith binding technology with polymer additives

Planetary Additive
Construction System (PACS)

Entry, Descent & 
Landing (EDL) 
Infrastructure

(Landing Pad/Rover)

Planetary 
Structure 
Member

(Lunar/Mars-crete)

Lunar/Mars
Simulant

(KOHLS-1/KMS-1)

International Space Exploration Research Institute

*NASA JPL

Additive 
Construction

Application of 
Polymers
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ISERI History

NSL
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National Research Foundation of Korea Development of 
Space Basic Original Technology (NSL, National Space Lab)
“Development of Extreme Rough Terrain Exploration 

Rover for Rough Terrain Exploration”

Global Research 
Development Center (GRDC) 

“International Space 
Exploration Research 

Institute”

Vacuum
Chamber

Structural 
Materials 3D PrinterLunar/Mars

Simulant Rover Lunar
Test bed

Key 
Research 
Results

Closed Cycle Mining &
Transportation System

(2011-2013)Research 
Projects

NSL

Phase 1 
“Design”

Phase 2 
“Structural Member”

3D-Printed Habitat
Challenge 

(2015- 2018)

Key Research Results
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NASA’s 3D-Printed Habitat Challenge Competition

Structural Member Competition (2016. 12 ~ 2017. 8)

77 Applicants

19 Entries

7 Semi-finalists

2016. 12.

2017. 3.

2017. 5.

2017. 8. 3  Finalists

1st place

Level 1 

Level 2 

Level 3

Level 2 Competition
(May, 2017) 

https://www.nasa.gov/directorates/spacetech/
centennial_challenges/3DPHab/6-teams-earn-
prize-money-in-second-level-of-challenge 

Key Research Results
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Goal: ISERI ISRU Construction Technologies

Technologies

Develop a Korean 
lunar/Mars simulant 

Develop a mechanism for 
binding lunar/Mars-crete
(types/ratio of polymeric 
composites) 
Develop 3D equipment and 
automated additive 
construction system
Develop radiation shielding 
materials using lunar/Mars-
crete

Develop
Planetary 
Additive 

Construction 
System
(PACS) 

to Manufacture 
Lunar/

Mars-crete

Challenges

Use indigenous/ recycle-
able materials without  
water, cement, sand

Construct a non-linear 
structure

Protect humans from the 
harsh environment (cosmic 
rays/dust/temperature fluctuation)

Operate a construction 
system in a space 
environment (vacuum)

Automate the entire 
process

Objective

Planetary Additive Construction System (PACS)

International Space 
Exploration Research Institute
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PACS  Technology Model 

Planetary 
Information 1. Develop 

lunar/Mars 
simulant 

Raw
Materials
(Indigenous/
Recycle)

2. Develop a 
mechanism 
for binding
lunar/Mars-

crete

3. Develop 3D 
equipment & 
automated 

additive 
construction 

system

4. Develop 
radiation 
shielding 
materials

Lunar Simulant(KOHLS-1)
Mas Simulant(KMS-1)

Applicable 
Polymer 
(LP, HP)

Basalt 
Rocks

Type/Content Ratio 
of Polymeric Composites

3D Printed 
Lunar/Mars-crete

Automated Additive 
Construction  System

Radiation 
Shields

Manufacturing Conditions
(Heating Time/Temperature)

Goal: ISRU Construction Technologies

Planetary Additive Construction System

PTMSSTemperature on the Time for Curing 
Polymeric Lunar Concrete
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PACS – Sub Technologies (1/4)

Sub- Goal: Indigenous Construction Material

Results

Challenges

Develop Korea Mars Simulant (KMS-1) 

International Space 
Exploration Research Institute

• The source rock of KMS is a basalt mined from the riverside of
Hantangang River, in Yeoncheon-gun, Gyeonggi-do, South Korea

• Various particle sizes are obtained through crushing with a disk millKOHLS-1(Korea 
Hanyang Lunar 
Simulant, 2008)

Rover   Test Bed

Lunar-crete

Mineral wt%

Plagioclase feldspar 48.9

Olivine 31.0

Pyroxene 14.2

Magnetite 5.8

PlagioclaseOlivine

Pyroxene

Mineralogical/Chemical Composition

Composition
Regolith Simulant

Viking 
1 Curiosity JSC 

Mars-1 MMS KMS-1

SiO2 43 42.88 43.48 49.4 45.404
TiO2 0.66 1.19 3.62 1.09 1.8

Al2O3 7.3 9.43 22.09 17.1 21.858
Cr2O3 0.49 0.03 0.05 0.059

FeO/Fe2O3 18.5 19.19 16.08 10.87 12.505
MnO - 0.41 0.26 0.17 0.109
MgO 6 8.69 4.22 6.08 3.406
CaO 5.9 7.28 6.05 10.45 9.174

Na2O - 2.72 2.34 3.28 2.737
K2O <0.15 0.49 0.7 0.48 2.124
P2O5 - 0.94 0.78 0.17 0.537
SO3 6.6 5.45 0.31 0.1 0.025

Simulate the properties of Mars regolith (mineralogy, chemical 
composition, particle size, and physical properties) 
Develop a manufacturing process for mass feedstock production

Objective

KOHLS-1
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PACS – Sub Technologies (2/4)

Challenges

Develop a mechanism for binding lunar/Mars-crete

International Space 
Exploration Research Institute

Objective

• Test results of strength performance on lunar-create specimens

Low Density 
Polyethylene

(LDPE)

High Density 
Polyethylene

(HDPE)  

Find optimum types, content ratio under optimum manufacturing conditions
Test various properties (heating time, temperature) and performance 
(strength, density) of polymeric binders through experimentsResults

Polyethylene

– The higher content of binder, the
higher compressive strength

– HDPE binder has higher compressive 
strength than LDPE binder

– The higher content of binder, the 
higher flexural strength (LDPE)

– The flexural strength was increased up 
to 40% (HDPE)

9.4
12.8

18.5

12.7

19.8 22.3

0

10

20

30

20% 30% 40% 

M
P
a

Polymer Contents

Compressive Strength Test

LDPE

HDPE 6.38
6.75

7.697.5
8.25

7.13

3

5

7

9

30% 40% 50% 

M
P
a

Polymer Contents

Flexural Strength Test
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HDPE

ASTM C109 ASTM C78(5cm * 5cm * 5cm) (4cm * 4cm * 16cm) 

Sub- Goal: Application of Polymers to Bind Regolith
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PACS – Sub Technologies (3/4)

Sub- Goal: Automated Additive Construction System

Challenges

Develop 3D equipment and automated additive construction system

International Space 
Exploration Research Institute

• Main operation processes include preheating, feeding, mixing
material, binding and extruding

• Nozzle was developed through a lot of experiments and tests*
• Extruding performance increases as amount of polymer

content increases
• The 3D printed lunar-crete was verified to be more

compressive than manually layered lunar-crete, increase
efficiency(reduced time, waste) and performance of binding

– 20%: 3D printed (29.56 Mpa**) > manual (23.92MPa)
– 30%: 3D printed (33.45 Mpa) > manual (24.48MPa)

Develop automated processes of PACS
Design  the optimum nozzle for 3D printer
Manufacture and test lunar/Mars-crete

Results

Objective

** 29.56Mpa =4287.165psi, 1psi = 0.006895 Mpa*ASTM C109(5cm * 5cm * 5cm) 
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PACS – Sub Technologies (4/4)

Sub- Goal: Protect Human from Space Radiation

Challenges

Develop radiation shielding materials

International Space 
Exploration Research Institute

• Radiation irradiation tests of lunar-crete investigate that the
effectiveness of shielding might be improved according to the
thickness and polymer content

Test the shielding feasibility of lunar/Mars-crete
Evaluate the shielding effectiveness of shielding materials against high-
energy space radiation

Cf-252 (2.3Mev) 
Neutron Irradiator

Irradiation 
Experiment

Gamma-rays Neutron

Results

Objective
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PACS – Sub Technologies (4/4)

Sub- Goal: Protect Human from Space Radiation

Develop radiation shielding materials

International Space 
Exploration Research Institute

Test the shielding feasibility of lunar/Mars-crete
Evaluate the shielding effectiveness of shielding materials against 
high-energy space radiation

• Polymer content of
lunar-crete has an
effect on the
effectiveness of
radiation shielding

Computer 
Simulation

Challenges

Results

Objective
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Conclusion

Planetary 
Information 1. Develop 

lunar/Mars 
simulants 

Raw
Materials
(Indigenous/
Recycle)

2. Develop a 
mechanism 
for binding
lunar/Mars-

crete

3. Develop 3D 
equipment & 
automated 

additive 
construction 

system

4. Develop 
radiation 
shielding 
materials

Lunar Simulant(KOHLS-1)
Mars Simulant(KMS-1)

Applicable 
Polymer 
(LP, HP)

Basalt 
Rocks

Type/Content Ratio 
of Polymeric Composites

3D Printed 
lunar-crete

3D Printer Nozzle

Feasibility of 
Radiation 
Shielding

Manufacturing Conditions
(Heating Time/Temperature)

Goal: ISRU Construction Technologies

Planetary Additive Construction System Current (2017.09)
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Develop shielding materials to protect 
against high energy radiation

Apply PACS approach to construct 
Hyperloop (Korea: Hypertube)

Emergency shielding 

Structure components

A pod-like vehicle propelled through a reduced-
pressure tube that would exceed airliner speed

Mars' atmosphere is about 1% the density 
of the Earth's

Future Works: Application Plans

Radiation shielding facility 
(Strength/Density/Shielding effectiveness/CO2)

International Space 
Exploration Research Institute
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How to build the Moon Village
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We have the roadmap already! Dreams do come true!!
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Imagine the Future
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Bob Richards

Bernard Foing & 
Johann-Dietrich Worner

Buzz Aldrin (Astronaut of
Apollo 11& Moon Walker)

David Miller @ NASA

Strategic Cooperation with Global Experts

John Hamilton & Rob 
Kelso

Kris Zacny, Harrison “Jack” 
Schmitt, Yoseph Bar-Cohen

Henk Rogers 
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Preparing the future for the Moon & Mars Villages
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cmtsl@hanyang.ac.kr


