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PCEC

Outline

• Overview of PCEC

– Description: What is PCEC?

– Background: Why PCEC?

– Tool Overview

• Robotic Spacecraft Model

– Format, structure, CERs, database

• Crew and Space Transportation Systems (CASTS) Model

– Format, structure, CERs, database

– Addon Models: PCM, OCM

• Conclusion

– REDSTAR, ONCE

– PCEC access information
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What is PCEC?

Summary Description

• PCEC is a CAPABILITY including parametric cost models and 

supporting data

– Developed and maintained by the MSFC Engineering Cost Office (ECO)

– Replaced the NASA Air Force Cost Model (NAFCOM) circa 2013-2014

• Excel Add-in

– Open Architecture and Code

– Provides Full Visibility into all Calculations and Statistics

– Meets all NASA Information Technology Security Requirements

• Two primary ‘models’, provided as part of a single, integrated tool

– Robotic Spacecraft (Robotic SC)

– Crewed and Space Transportation Systems (CASTS)

• Source and supporting data, normalizations, and CER workbooks are 

stored in MSFC REDSTAR Library and ONCE database (NASA users)
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Moving to a Data Centric 

Approach
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Model Centric

• Focus is on how to use the model

• Model becomes a medium for 

communication with the technical 

community

• Model gets all the credit (or 

blame) for the estimate

• Estimate becomes an 

evaluation of the present, rather 

than a prediction of the future

Data Centric

• Focus is on the relationship of the 

data to the estimating problem

• Analyst must access and know the 

underlying data

• Puts onus for the quality of the 

estimate on the estimator

• Done properly, can lead to 

value-added solutions

PCEC Approach was/is a response to what was perceived to have 

become a general problem with NASA cost estimating approaches.
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Why PCEC?

PCEC Model Philosophy

• Use the Best Data Possible

– Verified and Validated CASTS Data

– CADRe Data for Spacecraft Model

• Total Transparency in the Analysis of the Data and the 

Development of the CERs

• No Cherry Picking the Data Points

• Minimize or Eliminate Subjective Inputs

– Follow a Data Driven Process for the Derivation of Subjective Inputs

– Allow the User to Follow the same Process for Determining Input Values

• Emphasize Quality of Input Parameters over Quantity

• Expect the User to Develop the Rationale for the Estimate

– Know the Data
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What is PCEC?

Tool Overview

• The Project Cost Estimating Capability (PCEC) is the primary NASA 

in-house developed parametric tool for estimating the cost of robotic 

missions, launch vehicles, crewed vehicles, etc.

– Overarching tool for creating an estimate that spans the full NASA WBS

– CERs included out-of-the-box for estimating the costs of a flight system 

(e.g., thermal) and support functions (e.g., project management)

– Connects to other NASA-sponsored specialized tools to cover the 

complete NASA WBS (e.g., NICM, MOCET, PCM, OCM)

– Excel-based (presented as add-in in the Ribbon) with completely visible 

calculations and code

– Available to the General Public
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The PCEC Architecture
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NASA IT Security Interface

NASA Historical 

Cost Libraries

Publicly Releasable via NASA

Software Release Authority Process

Accessible with NASA User 

ID and Account Approval

Data Sources

Data Normalization

CER Development

Source Documentation

Stores core cost 

estimating artifacts:

• CERs 

• WBS

• Phasing

• Inflation

Facilitates the use 

of the PCEC Library 

information for 

creating estimatesPCEC Library

PCEC Interface

Key Elements of the PCEC Architecture



ROBOTIC SPACECRAFT 

MODEL
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NASA PCEC

Robotic Missions Summary
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NASA PCEC

Robotic Mission Data Sets



11

PCEC Robotic Mission

Database Statistics
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NASA WBS for Robotic Missions
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PCEC Robotic Mission Data Normalization
from CADRe* 

Normalization Process Steps
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PCEC Robotic Mission Data Normalization 
Cost Analysis Figures-of-Merit

(FOMs)
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PCEC Robotic Mission Data Normalization
Efforts to Capture Payload

Accommodations Requirements
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PCEC Robotic Mission

CER Development Database
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PCEC Robotic CERs

Development Input Candidates
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PCEC Robotic CERs

Operations Input Candidates
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PCEC Robotic Mission CER “Sausage Maker”

Iterative Process for Generating CERs 
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PCEC Robotic Mission

CER Development Process (1 of 3)
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PCEC Robotic Mission

CER Development Process (2 of 3)
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PCEC Robotic Mission

CER Development Process (3 of 3)
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PCEC Robotic Missions

Unique Items



24

PCEC Robotic Missions

Recent Improvements for v2.4
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PCEC Robotic Missions

Future Plans
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PCEC Robotic Missions

Lessons Learned



CREW AND SPACE 

TRANSPORTATION SYSTEMS

MODEL
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PCEC CASTS

Overview

• Based on data from 30 historical launch 

vehicle stages, crewed vehicles, and related 

space transportation systems/subsystems

– Plus 16 Liquid Rocket Engines (LRE) and 50+ 

Solid Boosters/Motors (SRM)

• Including data from MDA as part of data 

exchange agreement (June 2021)

• One set of CERs for estimating subsystem-

level costs of Design and Development (D&D) 

and Flight Unit (46 CERs) 

– Primarily single-variable power CERs; some multi-

variable power CERs

– Includes Prime contract cost (excludes Civil 

Service, non-prime Support); CY 2015 $M

• Plus set of CERs for estimating support costs 

(e.g., PM, ground support equipment, tooling) 

at the spacecraft level (9 CERs)

• Fixed/Variable equation estimates

– Production cost per year as f(rate) 28
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• CASTS CER’s reflect general PCEC 

development approach

• Ramifications to CASTS CER’s? Significant 

data “clutter”

– Minimal number data points with multiple 

potential independent variables (“over fitting”)

– Lack of/dissimilar definitions between sources

– Poor predictive value (P-values >> .05)

– Counter-intuitive results (cost > over time, cost 

< increased complexity)

– Conflicting/countervailing influences between 

potential variables

• Time vs. degree of new design vs. 

technology level vs. SOA vs. etc.

• Calculated “adjustment factor” for each data 

point

– Not a “complexity” factor – says nothing about 

why value is what it is

PCEC CASTS

CER Development Process

• Identify Source Data

– NAFCOM-heritage systems:  Trace back 

to original sources; re-evaluate using 

common definitions/assumptions; fit to 

CASTS WBS

– New systems:  Understand/analyze 

source data; evaluate using common 

definitions/assumptions; fit to CASTS 

WBS

• Normalize Source Data

– Convert to common year & units

– Separate out elements of cost: Design & 

Development, First Unit, System Test 

Hardware, etc.

• Assign to Appropriate CASTS WBS 

Elements

• Develop CASTS CERs

– Identify potential independent variables

– Develop CER equations 

– Evaluate CER “goodness”

• Document Analysis



PCEC CASTS

WBS & CERs

• CASTS Work Breakdown Structure – Cost Estimating Relationships

– Developed WBS specifically for CASTS

• NASA Standard WBS Launch Vehicle = 1 line

• Breadth to handle all LV configurations; Depth to subsystem level
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PCEC CASTS

Historical Data Set
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Launch/Crew Vehicles Software
Apollo Command/Service Module (CSM) SSME Adv Health Mgt Sys
Apollo Lunar Module (LM) Orbiter Cockpit Avionics Upgrade
Atlas II Orbiter Primary Avionics Software Sys
Atlas V 5m Fairing Orbiter Backup Flight Software
Atlas V Centaur BRAHMS
Atlas V Common Core Booster (CCB) DART
Centaur D X33
Centaur G' (Shuttle Centaur) Centaur G' (Shuttle Centaur)
Centaur G' CISS (Centaur Integ Supt Sys) - ASE Inertial Upper Stage
Inertial Upper Stage Orbit Maneuvering Vehicle
Int'l Space Station Oxygen Generation Sys (OGS) Atlas II
Int'l Space Station Water Recovery Sys (WRS) Atlas V
Orbit Maneuvering Vehicle

Orion Crew Module Liquid Engines
Orion Integrated Vehicle F1
Orion Launch Abort System J2
Orion Service Module J2X
Saturn V 1st Stage (SIC) RS27
Saturn V 2nd Stage (SII) RD180
Saturn V 3rd Stage (SIVB) RS68
Shuttle External Tank (ET) SSME
Shuttle Orbiter OMS
Shuttle Solid Rocket Booster (SRB) LM Ascent
Shuttle Solid Rocket Motor (SRM) LM Descent
Skylab Airlock MA5
Skylab Orbital Work Station (OWS) Viking VI
Space Launch System (SLS) LR87
Spacelab LR91
Titan Centaur RL10A3
Titan IV 5m Fairing RL10C1

Added version 2.4

Added v.2.4



PCEC CASTS

Add-in Models

• Propulsion Cost Model – v.1.0

– Three separate spreadsheet models – similar to CASTS: DDTE + FU M2015$’s

• Liquid Rocket Engines (LRE) + Solid Rocket Motors (SRM) + Nuclear Thermal 

Propulsion (NTP)

– Restricted and Unrestricted versions – includes User Guides and VBBs

– To be released this month (July 2025) – same access as PCEC

• Operations Cost Model

– Spreadsheet-based model completed 2006

– Estimates recurring Earth-To-Orbit launch vehicle cost not covered by hardware-

based models (Launch & Flight/Mission Ops+); fixed/variable cost estimates
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PCEC CASTS

Data Documentation
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• User Guides + Virtual Black Books + CER Documentation

– Restricted and Unrestricted versions

• Integrated collection of accessible source information

• Available online through REDSTAR

User’s Guides

CASTS Virtual 

Black Books

PCEC Library v2.4

PCEC CASTS DOCUMENTATION 

in REDSTAR

Saturn IC (SIC)

Saturn II (SII)

Saturn IVB (SIVB)

Shuttle Orbiter

Shuttle External Tank

Atlas I, II, IIA, IIAS, V

Apollo Command Module

…

CER Documentation

Unrestricted

Restricted

Adapters

Avionics

…

For Each System Element

1. Cost Analysis Workbook: Excel workbook with calculations 

and derivations to get source data to CER input data

2. Technical Resume: PDF file with summary technical 

descriptions & schedules

3. REDSTAR Bibliography: List of source documents and 

“cream of the crop” references in REDSTAR



PCEC CASTS

User’s Guide (1 of 2)
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• Two versions of User’s Guide:

– Unrestricted:  Includes model 

overview, definitions, 

description of modeling 

processes, and for each WBS 

element:  CER equations, 

descriptions, data set of 

Adjustment Factors

– Restricted:  Includes all 

information in Unrestricted 

version plus scatter plots and 

CER source dataset



PCEC CASTS

User’s Guide (2 of 2)
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• Restricted versions include CER source data set and scatter plots

Main Propulsion Sys

Wt DD TFU YR $ Escal DD TFU

AV CCB RP1 4,467          181.38$      4.43$          2007 1.1599 210.39$      5.14$          

ET LH2 3,213          21.50$        1.11$          1979 3.7057 79.67$        4.11$          

SIC RP1 27,418        42.08$        7.62$          1970 7.4507 313.49$      56.77$        

C D LH2 754             15.07$        0.88$          1973 6.2736 94.54$        5.52$          

Orbiter LH2 7,298          98.35$        36.98$        1988 2.1542 211.87$      79.67$        

AV Cent LH2 472             78.04$        5.07$          2007 1.1599 90.52$        5.88$          

SIVB lh2 3,854          32.58$        0.75$          1969 7.9648 259.50$      5.96$          

Titan Cent LH2 591             6.85$          0.31$          1988 2.1542 14.76$        0.68$          

CG' MPS-G' LH2 1,522          11.15$        4.93$          1990 1.9671 21.94$        9.71$          

CG' MPS-CISS LH2 1,420          13.05$        1.25$          1990 1.9671 25.67$        2.46$          

SII lh2 9,074          29.37$        4.17$          1967 8.8734 260.65$      36.97$        

Orion SM Hypergolic 1,444          201.32$      16.20$        2012 1.0558 212.55$      17.10$        

Apollo CSMMain Propulsion 1,058          66.64$        4.65$          1966 9.3082 620.30$      43.24$        

Apollo LM Ascent 223             48.13$        3.70$          1982 2.8204 135.74$      10.43$        

Apollo LM Descent 518             69.85$        7.58$          1982 2.8204 197.01$      21.36$        

Source Data CER Data

Example Data

y = 0.6387x0.6339

R² = 0.6469
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PCEC CASTS

Virtual Black Books

• CADRe-like – not a CADRe, but same type of information

• Integrated collection of accessible source information

• Restricted available online through REDSTAR

• Unrestricted available upon request – (technical data only)
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PCEC CASTS

VBB – F-1 Engine Example

• Virtual Black Book (CASTS and PCM) Example

– F-1 Liquid Rocket Engine

37

0121-01403

F-1 Engine Production Cost History

Number Engines: 98 76 22 0

 TOTAL NAS8-5604

NAS8-

18734B

NAS8-

18734F

Deliverable Hardware

1st 14 engines 29,570$             29,570$   -$        

1st 76 Engines 207$                  207$         -$        

Engine Systems 34,504$             28,323$   6,181$    

Engr Support 3,520$               -$          3,520$    

Maint engr 3,330$               -$          3,330$    

Misc 153$                  -$          153$        

Thrust Chambers 42,582$             31,897$   10,685$  

Gas Generators 5,462$               3,854$      1,608$    

Turbopumps 32,866$             23,627$   9,239$    

Feed Systems 18,514$             14,944$   3,570$    

Hydr Control Sys 1,696$               -$          1,696$    

Pressurization 7,514$               5,365$      2,149$    

Elec & Instr 10,548$             8,324$      2,224$    

Thermal Insul 17,658$             15,191$   2,467$    

Tooling 19,844$             17,215$   2,629$    

STE 5,635$               5,512$      123$        

Engines 233,603$           184,029$ 49,574$  -$        

Parts 20,987$             17,608$   3,379$    

Mockups 2,184$               2,184$      -$        

GSE 6,938$               6,373$      565$        

Long Lead Hdw 1,082$               -$          -$        1,082$    

Total Hardware 264,794$             210,194$   53,518$    1,082$      

Site Assoc. Support

Field Engineering 7,226$               3,034$      4,192$    

Supt Parts Sers 5,388$               3,828$      1,560$    

Training 266$                  203$         63$          

Manuals 2,057$               1,241$      816$        

Other 4,188$               4,188$      -$        

Total Support 19,125$               12,494$     6,631$      -$          

Total Prod Cost 283,919$             222,688$   60,149$    1,082$      

Fee 22,647$             17,378$   5,193$    76$          

Total Production 306,566$             240,066$   65,342$    1,158$      

NAS8-18734A

Ops & Flt Supt

1967-1970

Flt Supt & Anomaly Res 53,966$             

Ops Supt 2,803$               

Improvements 3,753$               

Simplicity 5,108$               

Studies 5,214$               

Total Ops & Flt Supt 70,844$               

F-1 Prod Subtotal 354,763$             

Propellants 8,737$               

TOTAL F1 Production 363,500$           

$/Engine TY$ 3.71$                 

Prod Sched midpoint 1967

Escalation to 92$ 4.92

F1 AUC 92$ 18.25$               

Technical Data Sheet Cost & Sources



REDSTAR Analysis Center
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REDSTAR Analysis Center

REDSTAR is both a physical
analysis center and an
online searchable database
maintained in Microsoft
SharePoint

REDSTAR contains over
  ,000 documents of which
over 1 ,000 are available
electronically as pdf,  ord,
Excel, and PowerPoint files

Founded in 1  1

Some of the notable greats:

 ill Rutledge

Gene Austin

 oe  ama er

Steve Creech

Andy Prince

                       

                          

                                                 

                          

            
Page  

    e     g      a    r   e  u ure      u  a se se      s  r   s   ke  r   g      a    u      ers  

 r        rs i   i r ri     eri us        ress

Contact Melissa Roberts, REDSTAR Research Manager

melissa.e.roberts@nasa.gov

256-544-2320

mailto:melissa.e.roberts@nasa.gov


PCEC

Distribution

• PCEC v2.4 was released May 2025

– E-mail announcement went out to latest user list

– Available on both the ONCE Database (for both CS and SC ONCE 

users) and the NASA Software Catalog (for all others)

– Software Catalog Users:  Go to https://software.nasa.gov/app/

• As of  une 2025, 1600+ ‘Downloaders’ spread across    Countries
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2 - 5

6 - 10

11 - 25

25 +

1

https://software.nasa.gov/app/


PCEC

Status - Today

• PCEC v2.4 is the latest version available (released in May 2025), which 

includes enhancements for estimating more elements across the NASA 

Standard WBS

• The general public can obtain PCEC (with some export restrictions) via the 

NASA Software Repository

– DoD, Prime Contractors, Universities, citizens of many foreign countries

• Where/How to get PCEC

• Contact Information:
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PCEC Email Contact: MSFC-PCEC@mail.nasa.gov

Application Website: https://software.nasa.gov/ , search for PCEC

Shawn Hayes

Space Systems Analysts, LLC

630-797-5018

shawn.hayes@ssanalysts.com

Mark Jacobs

Space Systems Analysts, LLC

813-839-5476

mkjacobs@att.net

Richard Webb

KAR Enterprises, LLC

661-547-7632

richard.webb@karenterprises.net

Stanley McCaulley

NASA MSFC

256-544-0618 

stanley.c.mccaulley@nasa.gov

Nathan Snyder (Primary)

NASA MSFC

256-544-1842

nathan.j.snyder@nasa.gov

https://software.nasa.gov/
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