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Table 1-1. (continued) 
Technology Project 
Recommendations

Number
ESAS 

Control 
Number

Program Category New Projects

27 6J ESRT Avionics and Software Autonomous precision landing and GN&C (Lunar & Mars).
28 6K ESRT Avionics and Software Lunar return entry guidance systems (skip entry capability). 
29 6L ESRT Avionics and Software Low temperature electronics and systems (permanent shadow region ops). 

30 7A HSRT ECLS Atmospheric management - CMRS (CO2, Contaminants and Moisture Removal 
System). 

31 7B HSRT ECLS Advanced environmental monitoring and control. 
32 7C HSRT ECLS Advanced air and water recovery systems. 

33 8B HSRT Crew Support and  
Accommodations EVA Suit (including portable life suppport system). 

34 8E HSRT Crew Support and  
Accommodations

Crew healthcare systems (medical tools and techniques, countermeasures, exposure 
limits).

35 8F HSRT Crew Support and  
Accommodations Habitability systems (waste management, hygiene).

36 9C ESRT Mechanisms Autonomous/teleoperated assembly and construction (and deployment) for lunar 
outpost.

37 9D ESRT Mechanisms Low temperature mechanisms (lunar permanent shadow region ops). 
38 9E ESRT Mechanisms Human-rated airbag or alternative Earth landing system for CEV.
39 9F ESRT Mechanisms Human-rated chute system with wind accommodation.
40 10A ESRT ISRU Demonstration of regolith excavation and material handling for resource processing.
41 10B ESRT ISRU Demonstration of oxygen production from regolith.
42 10C ESRT ISRU Demonstration of polar volatile collection and separation.

43 10D ESRT ISRU Large-scale regolith excavation, manipulation and transport (i.e., including radiation 
shielding construction).

44 10E ESRT ISRU Lunar surface oxygen production for human systems or propellant.
45 10F ESRT ISRU Extraction of water/hydrogen from lunar polar craters.
46 10H ESRT ISRU In-situ production of electrical power generation (lunar outpost solar array fabrication).

47 11A ESRT Analysis and Integration Tool development for architecture/mission/technology analysis/design, modeling and 
simulation. 

48 11B ESRT Analysis and Integration Technology investment portfolio assessment and systems engineering and integration. 

49 12A ESRT Operations Supportability (commonality, interoperability, maintainability, logistics, and 
in-situ fab.)

50 12B ESRT Operations Human-system interaction (including robotics).
51 12C ESRT Operations Surface handling, transportation, and operations equipment (Lunar or Mars).
52 12E ESRT Operations Surface mobility.
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1.7  Architecture Roadmap 
As outlined in this executive summary, the ESAS team developed a time-phased, evolutionary 
architecture approach to return humans to the Moon, to service the ISS after Space Shuttle 
retirement, and to eventually transport humans to Mars. The individual elements were inte-
grated into overall Integrated Master Schedules (IMSs) and detailed, multi-year integrated 
LCCs and budgets. These detailed results are provided in Section 11, Integrated Master 
Schedule, and Section 12, Cost, of this report.  A top-level roadmap for ESAS architecture 
implementation is provided in Figure 1-36. 

In this implementation, the Space Shuttle would be retired in 2010, using its remaining flights 
to deploy the ISS and, perhaps, service the Hubble Space Telescope (HST). CEV and CLV 
development would begin immediately, leading to the first crewed CEV flight to the ISS in 
2011. Options for transporting cargo to and from the ISS would be pursued in cooperation 
with industry, with a goal of purchasing transportation services commercially. Lunar robotic 
precursor missions would begin immediately with the development and launch of the Lunar 
Reconnaissance Orbiter mission and continue with a series of landing and orbiting probes 
to prepare for extended human lunar exploration. In 2011, development would begin of the 
major elements required to return humans to the Moon—the LSAM, CaLV, and EDS. These 
elements would be developed and tested in an integrated fashion, leading to a human lunar 
landing in 2018. Starting in 2018, a series of short-duration lunar sortie missions would be 
accomplished, leading up to the deployment and permanent habitation of a lunar outpost. 
The surface systems (e.g., rovers, habitats, power systems) would be developed as required. 
Lunar missions would demonstrate the systems and technologies needed for eventual human 
missions to Mars.

Figure 1-36. 
ESAS Architecture 
Implementation 
Roadmap
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1.8  Architecture Advantages 
The ESAS team examined a wide variety of architecture element configurations, func-
tionality, subsystems, technologies, and implementation approaches. Alternatives were 
systematically and objectively evaluated against a set of FOMs. The results of these many 
trade studies are summarized in each major section of this report and in the recommendations 
in Section 13, Summary and Recommendations. 

Although many of the key features of the architecture are similar to systems and approaches 
used in the Apollo Program, the selected ESAS architecture offers a number of advantages 
over that of Apollo, including:

•	 Double the number of crew to the lunar surface;

•	 Four times the number of lunar surface crew-hours for sortie missions;

•	 A CM with three times the volume of the Apollo Command Module;

•	 Global lunar surface access with anytime return to the Earth;

•	 Enabling a permanent human presence at a lunar outpost;

•	 Demonstrating systems and technologies for human Mars missions;

•	 Making use of in-situ lunar resources; and

•	 Providing significantly higher human safety and mission reliability.

In addition to these advantages over the Apollo architecture, the ESAS-selected architecture 
offers a number of other advantages and features, including:

•	 The Shuttle-derived launch options were found to be more affordable, safe, and reliable 
than EELV options;

•	 The Shuttle-derived approach provides a relatively smooth transition of existing facilities 
and workforce to ensure lower schedule, cost, and programmatic risks;

•	 Minimizing the number of launches through development of a heavy-lift CaLV improves 
mission reliability and safety and provides a launcher for future human Mars missions;

•	 Use of an RSRB-based CLV with a top-mounted CEV and LAS provides an order-of-
magnitude improvement in ascent crew safety over the Space Shuttle;

•	 Use of an Apollo-style blunt-body capsule was found to be the safest, most affordable, and 
fastest approach to CEV development;

•	 Use of the same modular CEV CM and SM for multiple mission applications improves 
affordability;

•	 Selection of a land-landing, reusable CEV improves affordability;

•	 Use of pressure-fed LOX/methane propulsion on the CEV SM and LSAM ascent stage 
enables ISRU for lunar and Mars applications and improves the safety of the LSAM; and

•	 Selection of the “1.5-launch” EOR–LOR lunar mission mode offers the safest and most 
affordable option for returning humans to the Moon.
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