OoHB

VALUE ENGINEERING IN SPACE MISSIONS

HOW CAN WE ACHIEVE EFFECTIVE VALUE-DRIVEN
DESIGN IN EARLY PHASES?

DESIGN-TO-VALUE
01 - 02 OCTOBER 2026

Quintilla Berti, Cost Engineer

Inés Henriques, Cost Engineer

Predevelopment Directorate
Department of Proposal

= phemme c =~ = -.
o ; o e = - - L
=l e e = g

e

ESA-CNES SCEC 26 / Q. BERTI, I. HENRIQUES / 01-02 OCTOBER 2026, NOORDWIJK, THE NETHERLANDS / PUBLIC 1




DESIGNING THE NEXT EUROPEAN MISSION <
WHAT SHOULD MATTER MOST?

Imagine that your team is designing the next European Earth Observation (EO) mission.

You have the chance to secure some additional budget, but only enough to implement one of the following enhancements:

Improve Ground Sample Distance
from1mto 0.8 m

Increase Mission Lifetime

g~ from 7 to 10 years T
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Improve Spatial Resolution Longer Mission Lifetime Shorter Development Schedule Improved Reliability

Larger telescope and higher More redundancy, higher wet mass Additional industrial resources and Additional mass and development
development complexity and greater qualification effort less schedule margin effort with no direct increase in
mission performance
VS. VS. VS.
VS.

Improved environmental Longer data continuity and Earlier operational service,
monitoring and better support for improved long-term climate societal and economic benefits and Reduced risk of mission loss and
downstream science applications datasets reduced risk of capability gaps better programme reputation

39 MEUR 35 MEUR 21 MEUR 26 MEUR
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THEPROBLEM = =
HOW DO WECHOOSE? e

(Phase 0/A):

In Early Phase Studies

Evolving i —
High Uncertainty Requirements Different L Impact of Design Strong Coupling
in _ as Mission Objectives, Stakeholders Decisions ; Between
Mission Definition - Constraints, Optimize for is Not Always : Technical and
and : and Stakeholder 7 Different Transparent : Programmatic
Cost Forecasts " Expectations ' Objectives Across the System Decisions
Mature :
When: O
* Requirements are uncertain... i What exactly are we OPTIMIZING? o,
» Stakeholders disagree... Q
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DZV METHODOLOGY The design-to-value methodology developed at OHB is structured around a

METHODOLOGY concise set of iterative steps.

Step 2

/ \ Quantitative assessment of the relative importance of
Step 1 requirements
Identification of the requirements that deliver the highest value . . . . L
. = Quantify Relative Requirement Value using pairwise
to mission B . .
] B comparisons (matrix)
i L
Assess the Value of Each Requirement =B
Prioritize Through Expert Review % 9 Much more important than
Select a Subset of Requirements to Focus On
K 3 More important than
1 As important as
1 .
= Less important than
1 .
> N 5 Much less important than
Step 3 E% ,?:
Allocation of quantified value across system elements ) Calculate Requirement Welghts and Value Scores
through the Cost Breakdown Structure (CBS)

. Validate Consistency of Judgments
Allocate Requirement Value to CBS Elements

Combine Expert Judgment w/ Requirement Value
Calculate the Total Value of Each CBS Element A max —

CI

k / CI= n—-1 CR = T
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D2V METHODOLOGY «

METHODOLOGY
Cost and Value of CBS Elements

14%

12%

10%

8%

% COST wrt tot cost

W % VALUE wrt tot value

Step 4
Evaluation of value-to-cost ratio to support the
design process
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D2V METHODOLOGY <

Value-to-Cost Ratio of CBS Elements
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D2V APPLICATION

WHAT WENT WELL

Case Study

Early Phase Study
EO Mission

Copernicus Program

(

Structured
Requirement
Prioritization

-
 —
—l

Visibility of
Cost
Drivers

Identification of
Affordable
Requirement
Relaxations
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Quantification of
Impact of
Requirements
on Cost

Increased
Transparency
in Design
Trade-offs

Increased Cost
Awareness
Across the

Project Team




D2V APPLICATION
WHAT WE LEARNED

Design Changes Are a Domino

The value of a design change
depends on technical,
programmatic and schedule
impacts
simultaneously at any level

Cost Drivers Come in Group

Meaningful savings are achieved by

relaxing multiple requirements
that drive the mission complexity

Cost-to-Value Does Not Behave
Continuously

ESA-CNES SCEC 26 / Q. BERTI, I. HENRIQUES / 01-02 OCTOBER 2026, NOORDWIJK, THE NETHERLANDS / PUBLIC

Mission architectures evolve
through discrete design choices
and threshold effects




Cost Assessment

440 . .
\ ’{ Y Trade-offs We solved a technical problem,

‘;“‘l »" A% "3)“:4\«@ ; butlii
ool 2o

d

: I
Stakeholdeh bigger one!

Alignment
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D2V APPLICATION “OoHB
ADDITIONAL LESSON LEARNED

Direct and
End Customers

The success of the methodology depends less on
mathematics and more on collaboration.

Requirement relaxation is only possible if stakeholders
trust the process. Otherwise, every discussion
becomes a negotiation instead of a trade activity.

Experts and
Scientific
Community/

Data
Users

The main challenge is aligning all partners on what value

Industrial Team means and how it should drive design decisions.
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CONCLUSIONS “OoHB

LET’S GO BACK TO WHERE WE STARTED

I
L. i D2V does not tell us what to choose,
Would you now be able to select one design improvement for the next ESA mission? but why we are choosing it!

DESIGNING THE NEXT EUROPEAN MISSION Stakeholder priorities become
WHAT SHOULD MATTER MOST? explicit

Imagine that your team is designing the next European Earth Observation (EO) mission.
You have the chance to secure some additional budget, but only enough to implement one of the following enhancements: D|ffe rent needs are qua ntitatively
included into design trades

! : Value-to-cost analysis is carried out
Improve Ground Sample Distance R m . A
from1mto 0.8 m a for requirements and solutions

B The objective is to reach a

from 7 to 10 years . of the consequences of
SR~ W s NE FECESE technical and programmatical choices
during mission design

Increase Mission Lifetime
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CONCLUSION
FUTURE PERSPECTIVES

Future perspective

“oHB

of"o
Misfion
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2 Requirements,

Re

Users

\ Cost

(¥a)

4
g,

D¢ sigstry

ped

Better understanding
of priorities & their
implications

f

L Cost awareness

Alignment on shared
solutions despite
conflicting interests

( More effective
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The Space Industry must
move towards this fully
integrated, collaborative

— D2V framework for
mission design.

Are you ready?

-

v
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THANK YOU!

OHB SE

TIME FOR QUESTIONS (5 MIN.)

Manfred-Fuchs-Platz 2-4
28359 Bremen

Germany

Phone:
Fax:
Email:
Web:

+49 421 2020 8
+49 421 2020 700
info@ohb.de
www.ohb.de

We are expanding the team.

If you’re interested, contact us!

FEDERICO TORRINI

Head of Proposals and Cost Analysis
Phone: +49 1525 9413207

Email: federico.torrini@ohb.de

INES HENRIQUES .~ '
Cost Engineer

_~Phone: +49 421 2020 9989

Email: ines.henriques@ohb.de
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VEDANT PAUL MOGHA
Cost Analysis Team Lead
Phone: +49 421 2020 7871
Email: paul.mogha@ohb.de
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_QUINTILLA BERTI

Cost Engineer
Phone: +49 421 2020 6544
Email: quintilla.berti@ohb.de
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DETAILED SLIDES FOR READING
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D2V METHODOLOGY «-
METHODOLOGY

Requirements Value Analysis (Design-to-Value)
4

; E"rioritize.‘l’h‘rough Expert Review

S ¥
Step 1 o “ Experts collectively review and challenge the

Identification (.)f the requirements that deliver the . initial VCI. rankings"
Highestivalueolinis-ion ¥ L Reqwrements are prioritized based on:

§ < Scientificimission value

=y * Potential for cest reduction

Assess the Value of Each Requirement

Domain experts evaluate every requirement using the Value %~ ':'-Séiect the D,ZVFocus Requirements

Contribution Index (VCI) ~
. ’Createmfmedyhorthst of the most impactful

; = :;/IO\A;}/aNe | — equirements (typically <10)
: 'ehlunlq value *  Similar requirements may be grouped
3 = High value * These selected requirements become the focus

. . e of the Design-to-Value analysis
Assessment is performed from the perspective of the scientific

community to reflect mission objectives.
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D2V METHODOLOGY «
METHODOLOGY

Quantify Relative Requirement Value Using Pairwise Comparisons g | Ty > .

= Experts compare each requirement against every other
requirement using a comparison matrix

= (Qualitative judgments are converted into numerical scores to
capture relative importance

Step 2
Quantitative assessment of the relative
importance of requirements

—

9 Much ' h \..~ Bl ARE
en more mportant hen .h";““““

A

1 R "2 | °33 | 03 | 100 | 033 | 033 | 900 | . |
l Much less important than %===m-
9 --
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D2V METHODOLOGY «-

METHODOLOGY

Calculate Requirement Weights and Value Scores

* Comparison matrix values are normalized by column

* Requirement weights are derived from the average
normalized row values

* Final requirement values are calculated using the weighted
matrix, producing a quantitative ranki

Step 2
Quantitative assessment of the relative
importance of requirements

Normalized Matrix

[ (- Requirement Weighted Sum Weight A
“ 0.099 0.099 0.097 0.107 0.099 0.130 - 3 :
- R1 1.403 9.92% 14.13891
R | oom | oo | oos7 | oo -- e o
| RS | 0099 | 0099 | 0097 ---- RS 1.403 9.92%  14.13891
“ 0.011 0.011 0.004 0.004 0.011 0.014 - I > R6 0.236 1.81% 13.03387

Lid R2 1.403 9.92% 14.13891

R7
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D2V METHODOLOGY «
METHODOLOGY

Validate Consistency of Expert Judgments - 4

= A consistency check based on Analytic Hierarchy Process (AHP)
principles is performed

= The Consistency Ratio (CR) is calculated to verify the logical
coherence of comparisons

Step 2
Quantitative assessment of the relative
importance of requirements

= (CR<0.10indicates acceptable consistencys
rankings for subsequent cost-value trade-of

Definitions
Consistency Index (Cl)

Measures the degree of consistency in the pairwise comparison matrix

Random Index (RI) -y

A benchmark value based on randomly generated matrices. It depends on the size of the
matrix.

Consistency Ratio (CR)

If CR < 0.10, the consistency is considered acceptable.

This is the key metric used to assess whether the comparisons are acceptably consistent. . . . .
y P prably If CR 2 0.10, the judgments may be too inconsistent and should be revised.
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D2V METHODOLOGY «-
METHODOLOGY

Allocate Requirement Value to CBS Elements

1ed contribution
nt derived value

Distribute the value of each requirement across'the Cost

-

Breakdown Structure (CBS) elements.

? Allocation answers the question: “How much does each CBS

- 7

element contribute to fulfilling this requi

% Values are assigned as percentage contributions

4 ¥
’ F .4

: - il"(':_ulate the Tofa:I.VaIue of Each CBS Element

) Step 3 +  Requiredfient values are multiplied by the
Allocation of quantified value across system . 0
¢Orresponding CBS contribution percentages
elements through the Cost Breakdown Structure o .
(CBS) * The contributions from all requirements are summed
to obtain the overall value associated with each CBS

element
*  The result provides the basis for evaluating value-to-
cost ratios at system and subsystem level
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THEPROBLEM ~
HOW DO WE'ch_jos_E_?' S

In Early Phase Studies (Phase 0/A):

Mission objectives, system architecture, and implementation approaches are still maturing, resulting in high uncertainty in both technical solutions and
associated cost estimates.

Requirements are refined as knowledge increases, with new requirements introduced, existing requirements modified, and some requirements removed
throughout the development lifecycle.

Different stakeholders optimize for different objectives, such as mission performance, risk reduction, schedule, operability, or affordability. As the project
evolves, these priorities are continuously reassessed, often leading to conflicting expectations and changing decision drivers.

The impact of design decisions is not always transparent across the system. A local optimization within one subsystem may introduce cost, complexity,
performance penalties, or risks elsewhere, making the overall value of a trade-off difficult to assess.

Technical and programmatic constraints are interconnected. Changes in the technical solution can affect cost, schedule, risk, verification strategy,
industrial organization, and development approach. Similarly, programmatic decisions can drive technical consequences, such as additional qualification
activities, changes in development models, or modifications to the system architecture.
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D2V APPLICATION “oHB
WHAT WE LEARNED

Cost-to-Value Does Not Behave
Continuously

Design Changes Are a Domino Cost Drivers Come in Group

= Mission architectures evolve

- TeanineE] eles, sdneeiie, through discrete design choices

make-or-buy philosophy, = Significant cost reductions rarely and threshold effects
component selection, DDVP originate from relaxing a single
plan, etc. are all deeply requirement = Examples:
interconnected and equally = Changing telescope diameter
affect cost and value " Meaningful savings are might not change launcher
_ achieved by relaxing multiple class
= Thevalue of a des!gn change requirements that drive the = Relaxing mass by 5% might
depends on technical, mission complexity

change nothing, relaxing it by
15% might eliminate a
deployment mechanism

programmatic and schedule
impacts simultaneously
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