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Agenda

• What is Goddard / Cost Estimating Modeling & Analysis (CEMA) 
Office?

• Unique Landscape of Space Cost Estimation
• CEMA’s Current Approach to Cost Estimating
• Future Considerations
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What is Goddard / CEMA Office?
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What is Goddard Space Flight Center?

• First NASA space flight 
complex

• Earth science, astrophysics, 
heliophysics focus

• Primarily unmanned 
missions

• 10,000+ civil servants and 
contractors

• ~$5.3B budget in 2016
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NASA Centers and Affiliates
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What is CEMA?

• Cost Estimating, Modeling & Analysis 
(CEMA) Office

• Established within GSFC Office of the 
CFO in 2012

• Central focus point for GSFC new 
business cost estimating guidance 
and support

• Provides a consistent approach to 
cost estimating for the Center
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Unique Landscape of Space 
Science Cost Estimation
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Competed Work
• NASA Announcement of Opportunity (AO) 

Response Process 
• Cost Caps – Design-to-Cost
• Time constraints for cost estimating
• Various mission risk requirements
• Design & cost iterations

SOFIA TESS - MIDEX OSIRIS-REx – New FrontiersLUCY - Discovery 7

Recent missions GSFC led or partnered on:
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Diverse Environments
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Limited Heritage

Hubble Space Telescope

James Webb Space Telescope

HST vs JWST Primary Mirror
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HST vs JWST Orbit
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Data Limitations

• Full cost accounting 
• Implemented in 2004*

• Lack of Relevant 
Historical Data

• Obsolescence
• Incomplete Data
• No Analogs
• Insufficient Granularity

*https://www.nasa.gov/pdf/1964main_fullcost.pdf
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Historical GAO Findings
1990 – NASA added to 

GAO “High Risk List” due 
to cost and schedule 

increases

2005 – requirement to 
report cost & schedule 

baseline for projects with 
LCCE > $250M

2011 – “Additional Cost 
Transparency and Design 

Criteria Needed”
2012 – 38% of projects 

met technology maturity 
standards at PDR

2016 - Improvements 
made in maturing 

technologies prior to 
commitments; 77% met 

technology maturity 
standards at PDR 

11

GAO 
Reports

GSFC Cost 
Estimating

1999 and prior –
primarily analogy & 

grassroots estimating

2000 – Parametric cost 
estimating support of 

Integrated Design Center & 
proposal development 

(Science Proposal Support 
Office)

2012 – CEMA Office 
Established by Center 

Management

Report citations from GAO.gov
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CEMA’s Current Approach to 
Space Science Cost Estimation
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CEMA Work Scope

• CEMA primarily provides cost support to:
• GSFC’s Integrated Design Center (IDC)

• Condensed conceptual design studies
• ~20 IDC studies / yr.

• Mission/Instrument Proposal Teams
• Responsible for developing GSFC’s proposal 

submissions in response to NASA HQ announcements 
of opportunity (AOs)

• ~25 proposals / yr. (3+ iterations ea.)

• Both efforts represent early lifecycle cost 
estimating
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Concept/Formulation Science/Design Study Develop Proposal 

GSFC Proposal Path

Grassroots ROM Grassroots refinement Grassroots estimate 

Independent
Cost

Assessment

GO / NO-GO

Independent
Cost

Estimate
Parametric

Cost Model ROM
Parametric Cost Model 

Refinement
Validate Grassroots 

CEMA Functions

Project Mgmt, Engineering, Science 
Development, Cost

GSFC Proposal Cost Estimating Process
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Proposal Bid
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Parametric Tools

• CEMA utilizes multiple parametric tools in an effort to increase 
traceability and align our parametric cost estimating approach with

• NASA HQ guidance
• NASA HQ proposal evaluation

• Picking the right tool for the job
• A few key pieces of known data

• NASA Instrument Cost Model (NICM)
• NASA Project Cost Estimating Capability (PCEC)

• More detailed data (e.g. Master Equipment List)
• NASA HQ recommended commercial parametric tools
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Master Equipment List (MEL)

• Captures major subsystems, components, integration hierarchy, & 
technical information relevant to cost modeling

• Necessitates strong systems engineering understanding of mission
• Design maturity, engineering, manufacturing, I&T strategy, etc.
• Objective technical parameters and subjective parameters 

• Importance of Technology Readiness Level
• Linked to multiple parameters in our tools

• MEL Evolution
• Design iteration
• Engineering judgment
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Cost Estimating 
and Analysis

Engineering

Computer Science

Economics

Mathematics

Marketing

Accounting

Budgeting

Operations 
Research
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Primary Mirror (PM)

Secondary 
Mirror (SM)

Focal Plane

Tertiary
Mirror (TM)

Fold 
Mirror 
(FM)

Engineering/Design Process: Sometimes, we end up driving the design to a level of maturity 
we can cost (i.e., facilitating refinement seeking a more credible estimate)
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6 EC Own All No F F NA F F P F Mission A

6 NT NA Yes P F P F P P F Mission B This new widget has been fully tested 
in mission environment.  It is built by the 

7 Neither Own All No F F F F F F F Mission A

5 NT NA Yes P F P F N N N This new widget does a new function 
and we haven't tested it in the 

6

EC Own IP Possibly

F F F N F F F

This is the exact same thing by a 
different provider.  We used the same 
exact design and it has been fully 
verified in the target environment.  We 
own the IP. 
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HERITAGE VS ENVIRONMENTAL REQUIREMENTS

F(Full) P(Partial) N(None) NA(Not 
Applicable)

Heritage Columns are for proposals -  these cells will be used for a separate Heritage Foldout, with Columns A & B & TRL Repeated.
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Please see the companion Word document "Common MEL Guidance" for instructions prior to completing this MEL template.

MASTER EQUIPMENT LIST
LEVEL UNIT 

MASS QUIESCENT

Subassembly / Component

Unit 
Mass 
[kg] 

(CBE)

Cold 
Units

Hot 
Units

Flight
Units 

Flight 
Spare

s

Non-
Flight 
ETU / 
Qual 
Units

EM / 
EDU 

/  
Proto-
type

Total 
Mass 
[kg] 

(CBE)

Contin-
gency 

[%]

Total 
Mass 
[kg] w/ 
Contgc

y 
(MEV)

Unit 
Power 

[W] 
(CBE)

Total 
Power 

[W] 
(CBE)

Contin-
gency 

[%]

Total 
Power 
[W] w/ 
Contgc
y (MEV)

Unit 
Power 

[W] 
(CBE)

Total 
Power 

[W] 
(CBE)

Contin-
gency 

[%]

Total 
Power 
[W] w/ 
Contgc
y (MEV)

Total 
Power [W] 

(CBE)

ADDITIONAL INFORMATION 
(As applicable:  Vendor, make, 
model, part #, volume, quote 

information, notation of identical 
items, instrument / component 

characteristics, 
ETU approach...)

TOTAL FLIGHT HARDWARE 3.20 3.84
1 INSTRUMENT NAME 3.20 3.84 0.00 0.00 0.00 0.00 0.00
2 Subassembly 3.20 3.84 0.00 0.00 0.00 0.00 0.00
3 Electronics Card 0.50 1 1 1 1 0.50 20% 0.60 0.00 0.00 0.00 0.00 Digital

3 Sensor Electronics 0.50 1 1 1 1 0.50 20% 0.60 0.00 0.00 0.00 0.00 90%A / 5%D

3 Backplane 0.50 1 1 1 1 0.50 15% 0.58 0.00 0.00 0.00 0.00

3 Enclosure 1.00 1 1 1 1 1.00 15% 1.15 0.00 0.00 0.00 0.00 Machined Al

3

Harness 0.70 1 1 1 1 0.70 30% 0.91 0.00 0.00 0.00 0.00 RS422

Recommended but not required in MEL for 
proposals.

NAME (Mission or Payload Name) FLIGHT HARDWARE MASS NOMINAL FLIGHT HARDWARE 
POWER

PEAK FLIGHT HARDWARE 
POWER# OF UNITS

Quoted
Unit 

Price
($K)

Composition

GSFC Common MEL Template vNov2016a wHeritage

Master Equipment List Example
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Cost Estimating Input Screens
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NASA Developed Tool Parameter Screens Commercial Tool Parameter Screens
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Risk Analysis

• Create uncertainty distribution
• Right skewed triangular distribution 

on input parameters
• Proposal defined contingency and 

margin for mass

• Monte Carlo analysis
• Cumulative Distribution Function 

Curve
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Future Considerations
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GAO Characteristics of Reliable Cost 
Estimates

Future Considerations
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Well-documented

Comprehensive

Accurate

Credible

MEL template evolution & increased 
emphasis on inputs to cost

Education of input providers and 
decision makers

Evolution of best practices and 
documentation (Cost Guidelines 

document)

Leverage CADRe growth & ONCE 
database

Data collection efforts at GSFC / 
Engineering discipline-centric CER 

creation (Optics, Detectors)

Joint Confidence Level

WBS standardization beyond level 2

Incorporation of new models and 
updatesTi
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Evolving Policy, Guidelines, Best Practices
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• External to CEMA – documentation to educate the 
center/agency on cost estimating policy

• Internally – cost templates for various systems, components, 
rates, output, briefings, etc.

• Add new types of systems (ex. Cubesats)
• New and updated tools require best practices
• Engineering Judgment is hard to standardize

Template for Power Systems Components

CEMA Guidance and Policy Document for GSFC Cost Estimating
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WBS Comparison
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vs.

MIL-STD-881C WBS for Space Systems* 

NPR 7120.5E NASA WBS

*http://www.navair.navy.mil/nawctsd/Resources/Library/Acqguide/MIL-STD%20881C%203%20Oct%2011.pdf
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Key Takeaways

• Unique challenges 
• Early conceptual 

estimating
• Commercial tools 

estimating esoteric 
hardware

• Systems engineering 
emphasis
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Questions?
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