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OVERVIEW

e Introduction — Problem Statement

 ISO 14040 Life Cycle Assessment (LCA)

e Base-case Rocket Launcher Results

e Space Transportation Environmental
Profiles for Launch (STEP-L) in the Use
Phase .

e STEP-L Dashboard — Operational LCA (1)

e Summary
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INTRODUCTION - LAUNCH ACTIVITY
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INTRODUCTION — COMPREHENSIVE NATURE
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LIFE CYCLE ASSESSMENT FRAMEWORK - 1SO 14040, 14044 (2006)
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GENERIC LAUNCH CAMPAIGN ACTIVITIES

Commercial Space Transportation Activities Launch Campaign
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ELCA OVERALL SYSTEMS BOUNDARY

System Boundary

v

Rocket Launch (USE)
Maintenance (Support)

Materials for launch pad infrastructure

Specific fabrication and manufacturing
processes(expendable & reusable boosters)
Construction of launch pad infrastructure

Waste water to Treatment Plant only

After 20 uses - reusable rocket booster
Equipment/batteries/materials
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REUSABLE AND EXPENDABLE ROCKET BOOSTER
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INVENTORY ANALYSIS OUTPUTS
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IMPACT ASSESSM!‘“ H

REUSABLE ROCKET BOOSTER WITH LANDING PROPELLANT
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IMPACT ASSESSMENT
REUSABLE ROCKET BOOSTER WITH LANDING PROPELLANT
DAMAGE ASSESSMENT
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IMPACT ASSESSMENT
EXPENDABLE ROCKET BOOSTER - CHARACTERIZATION

120.
100.

80. W Expendable

Rockets-Fairing
60.
W Expendable

40. Rocket-2nd Stage
20. M Expendable

0. - Rocket - 1st Stage

S K% 5 QA QO o &)
NS QYIS ST SR SN O O &S

‘ QOQOQJ . QOOOQ/ QQQOQ 6\’8&\ Q\Q}} KQ;bQ '\§J ‘\‘\(J 6\0 Q’g'\ Q\(”S&\ ,\9’5&\ ’b\(o\ Q/QQ/ be&

& O E O oo oo L & & LAY % &
PP ® S FIAY Y FEC R A

F & & WV @F FE S S &

< Q\@ O OQQ/ Q;oQ\ V& K@“’ &Y 097’ ,5;0(’ & @Q

S g &
Q\Q, O’\/ <& 4 A e vo? $o




IMPACT ASSESSMENT

EXPENDABLE ROCKET BOOSTER — DAMAGE ASSESSMENT
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e il
COMPARISON OF ROCKET BOOSTERS WITHOUT PROPELLANT
CHARACTERIZATION & DAMAGE ASSESSMENT
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SPACE TRANSPORTATION ENVIRONMENTAL PROFILE FOR LAUNCH (STEP-L)
REUSABLE ROCKET BOOSTER WITH LOx/LH, & ALL OTHER CONSUMABLES
CHARACTERIZATION
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SPACE TRANSPORTATION ENVIRONMENTAL PROFILE FOR LAUNCH (STEP-L)
EXPENDABLE ROCKET BOOSTER WITH LOx/LH, & ALL OTHER CONSUMABLES
CHARACTERIZATION
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STEP-L DASHBOARD

Tool for operators and planners

System View of Environmental Domain
* Systems Engineers

* Environmental Professionals

* Occupational Health Professionals

* Other Decision Makers

e Inform NEPA process for CST activities

* Eco-Design or Environmental Sampling Options for Future Launchers

Interactive Demo



Launcher Parameters
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OPERATIONALIZING THE LCA OF THE CST LAUNCH ACTIVITIES
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_STEP-L DASHBOARD

OPERATIONALIZING THE LCA OF THE CST LAUNCH ACTIVITIES
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OPERATIONALIZING THE LCA OF THE CST LAUNCH ACTIVITIES

STEP-L DASHBOARD

STEP-L Dashboard
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SUMMARY

 Life Cycle Assessment (LCA) methodology, ISO 14040 and 14044, was used to

evaluate launch activities for commercial space transportation in the United States

* Reusability of 15t Stage plays a significant role in reducing environmental burdens

upstream in the raw acquisition, manufacturing, and even in the disposal costs

* As expected, environmental damage and burden associated with the use of a

reusable rocket booster is less than the expendable rocket booster
* Developed STEP-L operational model
e Results can be used to inform eco-design, operational and disposal decisions

* Rocket booster models can be easily refined for better fidelity of the LCA model
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DISSERTATION OVERALL GOAL

Develop a Framework and Methodology to Understand
the Environmental Burdens and Impacts from CST
Activities in the United States
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DISSERTATION OBJECTIVES

e Objective #1: Conduct a base-case LCA for : _
. . L. Environmental Life Cycle Assessment of
commercial space transportation activities Commercial Space Transportation Activities
in the United States

Base-case 25 e
Sensitivity

Analysis

e Objective #2: Identify range of impacts due

to uncertainty in model inputs (sensitivity Environments
. impacts of
analy5|s) &mchers wit

e Objective #3: Conduct screening LCAs

incorporating “green technologies” using Technologies
base-case LCA to identify potential Sclf_ge:siﬂg

strategies for reducing environmental
impacts in U.S. CST activities




IMPACT ASSESSMENT

REUSABLE ROCKET BOOSTER WITH LANDING PROPELLANT
DAMAGE ASSESSMENT SINGLE SCORE
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REUSABLE ROCKET BOOSTER WITH LOx/LH, & ALL OTHER CONSUMABLES

DAMAGE ASSESSMENT
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SPACE TRANSPORTATION ENVIRONMENTAL PROFILE FOR LAUNCH (STEP-L)
EXPENDABLE ROCKET BOOSTER WITH LOx/LH, & ALL OTHER CONSUMABLES
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