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_,, St e Introduction

SCHOOL

e Research Goal: Assess total future value of Flexible Ships design features
to enable affordable war fighting relevance over a ship’s full service life.

e Affordable War Fighting means a higher cost now but greater ROI
over the entire service life and lifecycle of the ship.

* IRM methodology can be used to support and refine the Future
Surface Combatant Analysis of Alternatives.

 Methodology provides a reusable, extensible, adaptable, and
comprehensive advanced analytical modeling process.

= Will help the U.S. Navy in quantifying, modeling, valuing, and optimizing
e a set of ship design options.

e Approach can be used to develop a robust business case for making
strategic design decisions, under uncertainty. Not design/engineering.
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e The Five Tenets of Flexible Ships

A SCHOOL

e Payloads Decoupled from Platforms
e Standard Interfaces

e Rapid Reconfiguration

* Planned Access Routes

* Allowance Margins for Modernization

*Directorate, Office of Science and Technology, NAVSEA

Strategic real options valuation (ROV) provides the option holder the right, but not the obligation, to
hold off on executing a certain decision until a later time when uncertainties are resolved and when
better information is available. The option implies that flexibility to execute a certain path exists and
was predetermined or predesigned in advance.

WWW.NPS . EDU



-7 Sl e The Benefits of Flexible Ships

SCHOOL

» Affordable warfighting relevance over the entire ship service life (higher
cost now but greater ROl over the service life and lifecycle of the ship).

* Parallel development of payload vs. platform production (give me the
power and space | need and we will bring in the weapon systems later,
e.g., directed energy weapons).

e Reduction from lengthy and costly ship production work (make it easier
up front for later swapping of technologies without predefining the
exact point solutions of future unknown capabilities and timing).

* Increased competition and innovation (helps commoditize systems,
without need to sunset).

e Cross platform commonality (LCS missions bay with the proper
configuration management).
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-, S The Benefits of Flexible Ships (lIl)

SCHOOL

e Rapid Prototyping of Payloads for rapid acquisition of new capabilities
(growth margins and future growth potentials are prebuilt).

 Modular Open Systems increases acquisition agility (put the studs in
and do the panels later as needed, whether it be ceramic, Kevlar, high
intensity polymers).

e Standard Interfaces provide for common platforms and enclosures,
swappable equipment.

e Efficient technology refresh, faster incremental upgrades, and faster
development, faster technology adoption and fielding.

e Paces future threats (flexible in meeting unknown future threats, cost,
schedule, capability).

WWW.NPS . EDU
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"'f POSTGRADUATE The Cha”engeS

SCHOOL

\

* Flexibility vs. Affordability. Long term value, not immediate gains.

e Strategic Point of View. Flexibility means thinking through the future on
where we might want the U.S. Navy to go.

e A Tactical Approach. With any upcoming repairs, implement small
modularity capabilities instead of repairing back to the original.

e The research looks at building business case models to justify flexibility.
We need to consider the need to “cut steel” during major ship alterations
vs. faster implementation. Also, the higher the number of deployments
and ships on station we obtain with flexible ships (opportunity costs of

not being active in the fleet, back on station faster, faster schedule and

lower labor and ship alteration costs in the future).

WWW.NPS. . EDU



‘--7 L Case Examples of Flexible Ships

SCHOOL

e AEGIS Ashore. Aegis with SPY-6 Radar where modularity was a result rather
than being designed-in up front. The need was for reusability on ships with
rapid setup and deployment as well as rapid take down of equipment. MDA
working with the Navy and ACE. The relocatable requirement forced the need
for modularity.

.- = Air Missile Defense Radar (AMDR) SPY-6 architecture has enhanced

standard interface. Additional data links can be added quickly and cheaply,
with simple maintenance and higher efficiency. Can also be integrated with
other Electronic Warfare (EW) systems for rapid kill assessments and
coordination of soft kill and hard kills.

capabilities including longer range and greater number of issues detection, a
game changer. The main advancement is its longer range and ability in

b simultaneous threat assessments, and is integrated with the AEGIS system.
‘,,::; AMDR is sensor agnostic with an open architecture, solid state system, and

WWW.NPS. . EDU
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SCHOOL

e Directed Energy Weapons

e A lot of unknowns such as power density needs (watts/cm), aperture physics,
capability of continuous tracking and targeting high speed objects, and other
advanced threats (e.g., Hyper-glides, UAV swarms).

 The idea is to have excess and on-demand power (you have it the instant you
need it, and to have more than you will need).

* Hybrid Power Systems and Storage for Directed Energy Weapons
» Leverage 30X sensor improvement with only 2X power needs.
e Constraints are the ship’s size, weight, cooling, and fire control.

* Need capabilities to face unknown future advanced threats. Capability gaps are
identified with the help and coordination of the intelligence community.

— 3  The idea is not to have a perfect single point estimate foresight of capability
needs but to be prepared to implement a range of future unknown systems to
meet a set of future unknown threats.

WWW.NPS. . EDU
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POSTGRADUATE Case Examples of Flexible Ships (Il

N SCHOOL

e High Density Power

« DDG51 FLT Il presents an opportunity to upgrade its power plant for FY2020 to
accommodate directed energy weapons (sponsor buy-in and the budget
requirement to make sure things get into production on time... clock starts now).

e Requires fast charge and ready at a moment’s notice and instantaneous
requirements. Power and energy is the foundation of the kill chain.

e The uncertainty is that there is a stochastic load demand, which means that if
the Navy is using directed energy weapons, they’d better have plenty of it.

e With a capability to handle large demand loads, advanced solid state circuit
protection and robust combat power controls are also required.

 There needs to be a multifunction energy storage capability with a compact
power conversion structure to reduce size and weight.

e Unknowns: AC vs. DC, 6/12/18 KV system, heat loads and coolant levels, outputs
(AMW x 20 buses) for Medium Volt DC, frequency, power conversion, storage
area, fit on smaller ships, decoupled buses and needs for rotor alignments...

9
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et 7] BOSTORADUATE Case Examples of Flexible Ships (1V)

e CANES Backfit

Started in 2013. Expectation that all surface combatants (~180) would be fully operational by 2022.
CANES undergoes a software refresh every two years and hardware upgrades every four years.

Given the extra volume that was built into LPD-17 (margin for growth and easier accessibility — wider main
pee-way to accommodate larger item) the CANES backfit (replacing SWAN) on LPD-17 been more cost
efficient than the CANES backfit on the DDG Flight IIA.

e LCS Missile Module

Initial module was funded by the Army for the XM501 NLOS Launch System.

The program was canceled in 2010 and the Navy was left without a replacement. Because the LCS was
designed for a modular missile payload instead of being designed with a structurally integral missile system,
the LCS was able to deploy and meet mission requirements while a new modular missile payload was
developed.

e The Hellfire Longbow was structurally tested in 2017 on USS Detroit.
e This example highlights the cost savings of modularity. If LCS has been structurally designed with the

XM501, replacement would have been costly, with extended yard periods and the ship would not have
been able to deploy. With the modular missile bay, LCS was able to deploy while parallel development of a
new missile module took place.

. L A 10
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e Royal Danish Navy

e Started with the Flyvefisken Class (STANFLEX SF 300) are multi-role vessels (MRV) with standard hulls and
modular design

e STANFLEX design is capitalized on mission modularity by incorporating four interchangeable mission
containers, one forward and three aft. These containers house all dedicated machinery and electronic
payloads connected by a standard interface panel.

* The Flyvefisken class demonstrated that a smaller number of MRVs were capable of meeting the same
mission demands of a fleet almost twice its size. STANFLEX and modular payload allowed for containers to
be pre-staged for mission flexibility while simultaneously reducing downtime for upgrades.

e German Navy

e The Mehrzweck-Kombination (MEKO), which translates as “multi-purpose combination” uses modular
mission payloads: MEKO A-100 Corvette and the MEKO A-200 Frigate.

 Modules can be rotated for upgrades, and maintenance or between ships, which reduces the number of
overall payloads required for the fleet. This simple reduction results in significant cost savings in
procurement and maintenance over the life cycle of the ship.

 MEKO designs rely heavily on modularity that increases the speed at which the ship can be built and
facilitates faster upgrades and refits. The F125 will feature weapon modules, electronic modules, mast
modules, and a modular combat system with standard interfaces.

, Y 12 11
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e French Navy

e The Frégate Européenne Multi-Mission (FREMM) was a joint venture between the Italian and French

navies, are highly modular frigate designs allowing a choice of equipment with regards to weapons and
combat systems.

* The Aquitaine class FREMM frigates designed for the French Navy features a high-speed data network with
an open architecture that will enable future weapon systems to be integrated into the frigates with
external communication equipment compliant with NATO standards.

e Royal Australian Navy

 The Anzac class frigates are long-range escorts with roles that include air defense, anti-submarine warfare
and surveillance.

e The design of the Anzac is based on the Blohm + Voss MEKO 200 modular design which utilizes a basic hull

and construction concept to provide flexibility in the choice of command and control, weapons, equipment
and sensors.

e SEA5000 Program is the new Future Frigate initiative launched by the Royal Australian Navy (RAN). And
RAN is moving forward with a new class of frigates that will need to incorporate a flexible and adaptable
design to meet the growing demand for an efficient, sophisticated, and technologically advanced warship

. L A 12
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e |dentify which FASO options have a positive ROI (i.e., in which options the
benefits outweigh the costs).

e Model Uncertainty and Risks (i.e., Monte Carlo Risk Simulations applied to
simulate hundreds of thousands of possible scenarios and outcomes to
model the volatility and ever-changing global threat matrix).

e Frame and Value the Ship Design Options (framed in context and valued
using cost savings [cost savings due to rapid upgrades at lower costs], costs
to obtain these options [costs to design and implement these FASO/MAS
options], and potential military benefits).

e Optimize the Portfolio of Options (i.e., a set of FASO design options with
e different costs, benefits, capabilities, uncertainties; identify which options
) should be chosen given constraints in budget, schedule, and requirements).

13
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Y / SCHOOL

Traditional decision analysis approach:

* Provides single decision pathway

* Allows only one future outcome

e Locks in a single risk rate

e All assumptions determined at the outset

Real Options approach:

e Allows multiple decision pathways

* Maximizes financial flexibility

e Recognizes managerial decision making
e Incorporates new assumptions over time
e Allows variable risk

WWW.NPS . EDU
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A Visual Representation of ROV
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Analysis of Alternatives and Decision Analysis

50.00%
4“‘ Additional Power Mot Needed

25.00% o Maintain zero design margins for growth,

" Partial Upgrade Reguired design and build only what is reguired for the
cuwrrent ship configuration. Medium and large
upgrades will reguire major Ship Alterations,
with high cost and delayed scheduile.

Changing
As-ls Conditions

=

Fath 1

MNo additiconal power plarnt.
Use two standard LAM2500.

Major Ship ALT

25.00%
4‘ Adding Fower Flant

Growth Margins Only
= E_M. Rail Guns

50.00%
"‘ Additional Powwer Mot Needed

Path 2 Changing
Two LM2Z2300 implemented Conditions

withr additional margins for =
growth to add MT20 later. 4...7

i

Maintzin suficisnt growth margins for medium
power plant bot currently with & amaller power
plant incorporsted into the design. Sufficisnt
area or modwlarily iz available where parts of
the machinery can be removed and replaced
with the high energy plant if and only if needed.
Upfront co=st is reduced and future cost and
schedule delays are al=o reduced.

Modular Implementation H.l. Lasers

FPlanning

Future & Ancillary
Weapons

i

E.NM. Rail Guns

i

Prebuilt facility and high energy produocing power
plant initially, The cost is highsr in the Beginning but
total! cost is lower if indeed higher energy wespons
will be implemented, a= well as providing the fastest
implementation pattmsy

H.I1. Lasers
Changing

Conditions

Prebuilt Power Plant

Quick Implementation

S BT ey

i

Future Weapons

4— Ancillary Systems

Fath 3

Two MTI0 and two RRL300
prebuwilt.

Additional Systems

i

Intermediate E_-M. Rail Guns

Mix and Match

Changing
Conditions

Implementation

Start with combination of LM2500 and MT 30 compiliant

configuraticns, with the lower cost LM2500 operationsl. An

Fath 4

i

option to swilch is hence created with ail the growth
margins ready for switch into the higher capacity MT30.

B T Ry

H.l. Lasers
Qe LM2500 with one MT30.
Future Weapons

i

Additional Systems Ancillary Systems

i




[P"js . NAVAL

POSTGRADUATE Financial and Economic Analysis
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Note: These are only Notional Values used to illustrate the methodology

204

Cost Savings (Future Upgrades and Insertion) $1,132.63  $7,629.14 $146,802.58 $146,802.58 $146,802.58 S$146,802.58 $146,802.58 $146,802.58 .. 5153,034.34 $153,034.34 $153,034.34
Cost Mitigated (Alternative Equipment) $522.75  $3,521.14 $67,755.04 $67,755.04 $67,755.04 $67,755.04 §67,755.04 $67,755.04 .. $70,631.23 $70,63L.23 $70,631.23
Cost Deferred (Maintenance and Operations) $87.13 $586.86  $11,292.51 $11,292.51 $11,292.51 $11,292.51 $11,292.51 $11,292.51 .. $11,771.87 $11,771.87 $11,771.87
Direct Expenses $1,110.26  $1,110.26 $24,896.68 $24,896.68 $24,896.68 $24,896.68 $24,896.68 $24,896.68 .. $25,96L.75 $25961.75 $25,961.75
Operational Costs $18.50 $18.50 $414.95 $414.95 $414.95 $453.38 $829.89 $829.89 .. $1,730.79  $1,730.79  $1,730.79
Maintenance $12.33 $12.33 $25.62 $25.62 $25.62 $51.25 $51.25 $51.25 .. $106.87 $106.87 $106.87

Direct Expenses

50.00 $0.00 $1,055.50  $1,055.50  $1,055.50  $1,055.50  $2,111.00  52,111.00

$4,222.00 $4,222.00  $4,222.00

Training and Administrative $31.00 $703.00 $703.00 $703.00 $703.00 $703.00 5$703.00 .. $733.00 5$733.00 5$733.00
Contracts and Bidding 90.00 50.00 50.00 50.00 50.00 50.00 5$0.00 $0.00 50.00 50.00 50.00
Operations $0.00 $0.00  51,248.07 $1,248.07  $1,248.07  $1,248.07  S$1L,248.07  $1,248.07 .. $1,248.07 $1,248.07  $1,248.07
Maintenance $799.42 52,997.82  54,753.48 54,758.48 54,758.48 54,758.48 54,758.48 56,423.36 - 57,733.14 $4,938.63 $4,938.63
Parts and Service 30.00 $0.00 41,506.00 $1,506.00 $1,506.00 31,506.00 $1,506.00 31,506.00 .. 51,506.00 $1,506.00  $1,506.00

Miscellaneous $0.00 $44.46 $997.06 $997.06 $997.06 $997.06 $997.06 $997.06 ..
Depreciation $0.00 $9,874.00 $39,827.00 $39,074.00 $38,161.00 $37,206.00 $36,172.00 $35 223.00 .. $24,502.00 $23,977.00 $23,444.00
Amortization 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
Interest 56,779.32 525,892.66 $22,767.15 $19,224.35 515,842.53 $13,062.00 $12,303.79 .. $653.99

$1,039.71  $1,039.71  51,033.71

_
5666.30

Change in Net Working Capital $0.00 $0.00 $0.00
Capital Expenditures 90.00 30.00 90.00 90.00 90.00 90.00 90.00 90.00 50.00 50.00 50.00
Other Noncash Expenses 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00

Total Gross Invested Operating Capital
CAPITAL INVESTMENTS

50.00

18
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PO RGrpUATE Analysis of Alternatives

Analysis of Alternatives and Strategic Implementation Pathways provide
a side by side comparison of value and ROl justification

$608,388.34  $427,132.76  $40,765.22  $41613.74  ($10,61044) ($23,774.85) $728,339.38  $554,258.99  $31,837.41  $46,377.25
S A LR R REIT 72648877.00% 54046710.00% 7033594.00% 6615455.00% 1525722.00% 2718633.00% 112457959.00% 74402419.00% 16876439.00% 12973950.00%
Internal Rate of Return (IRR) 29.31% 11.17% 16.21% 19.21% 8.55% 6.76% 11.20% 13.74% 9.29% 14.77%
Sl Modified Internal Rate of Return (MIRR) 0.15 0.10 0.12 0.13 0.09 0.08 0.10 0.11 0.07 0.10

M profitability Index (PI) 343.00% 114.00% 137.00%  154.00%  90.00% 86.00% 109.00% 129.00% 134.00% 176.00%
S Return on Investment (ROI) 243 0.14 0.37 0.54 -0.10 -0.14 0.09 0.29 0.34 0.76
Payback Period (PP} 3.80 10.82 6.38 5.45 10.32 9.78 9.93 7.87 9.19 7.30

T LD $4.80 $22.81 $9.80 $7.84 $22.35 §13.79 $12.13 $.21
“Ishow on Charts

Investment Portfolio View i
*_Option1 Net Present Value (NPV)
+ Option2
E -
¥ # QOption 3
E t Option 4 000.
Wil = ption 5 000,
_ \i % ption '
i e ﬁ Y option7 e
B @h = ¢ Option8 B ptiorCiptiortIhtiort Iptior A tiort Ep ar A tiorCTtiorc B tiotion 10
| A=t E s Option9 . .
¢ p 000.
| R u . : : Projecks
E 500,000 1,000,000 1,500,000 [+ Option 10

Met Present Value (NPV) with Terminal Value



POSTGRADUATE Scenario, Sensitivity, Risk Analytics

o/ SCHOOL

Option 1: Net Present Value (NPV) Option 1: Internal Rate of Return (IRR)

G _ Revenues 5,419,451 _ 6623810 Nonlinear Rank Correlation Contribution to Variance

) DCF | Marginal Tax Rate (%) -0.59
DiscountRate (%) 11.00% — 5.00% Revenues | CostSavings (Future Upgrad.. B e
Revenues | CostSavings (Future Upgrad.. B e
Marginal Tax Rate (%) 31.35% _ 95 GE% Revenues | Gost Savings (Future Upgrad.. B R
Revenues | GostSavings (Future Upgrad.. . .17
Revenues | GostSavings (Future Upgrad... . 0
CAPITAL INVESTMENTS 275,000 _ 225,000 Revenues | CostSavings (Future Upgrad... B CCs
Revenues | CostSavings (Future Upgrad.. (I 007
Depreciaton 887,382 - 726,040 Revenues | GostSavings (FutureUpgrad.. |l 0.05
Revenues | CostSavings (Future Upgrad.. 0.04
. Revenues | CostSavings (FutureUpgrad.. 0.03
855,933 700,309
Direct Costs ' - ' CFR | Total Assets -0.03
Indirect Expenses | Training and Admin... -0.03
Interest 171,838 . 140,595 Indirect Expenses | Confracts and Bidd... -0.03
Indirect Expenses | Maintenance | 2087 0.03 ) . . ) . . . ) L
Indirect Expenses 305,510 . 249,053 0 01 02 03 04 05 06 07 0 0050101502 0.25 0.3 0.35 0.4 0.45 0.5
450,000 550,000 &50,000 750,000
500,000 800,000 700,000
Statistics/Percentiles
Assumption Properties X Trials 10,000.00
- Mean 1,264,569.20
- A | Minimum
\ | 0.0500 | Median 1,223,025.65
| 4 : Stdev 323,440.89
Normal Uniform MEEiLEy cv 0.26
0.1000
| | Skew 0.59
EErn i Kurtosis 0.07
| .1500 | Minimum 528,515.81
Arcsine Bernoull Beta Maximum 2,690,456.43 5
Range 2,161,940.62 g
; r 0.00% 528,515.81 '
> ‘ o ]| conce 5.00% 806,158.76 =
L] ] A 10.00% 873,477.43
Beta 3 Beta 4 Binomial . -
Delete Assumption
: $975,191
1,066,998.73
b 50.00% 1,223,025.65
Triangular Distribution ~ 60.00% 1,310,131.64
The triangular distribution describes a situation where you know the minimum, maximum, and most
likely values to occur. For example, you could describe the number of cars sold per week when past 70.00% 1,408,675.46
sales show the minimum, maximum, and usual number of cars sold. The minimum number of items is 80.00% 152992680.50%
fixed, the maximum number of items is fixed, and the most likely number of items falls between the
minimum and maximum values, forming a triangular-shaped distribution, which shows that values 90.00% 1,711,752.31
near the minimum and maximum are less likely to occur than those near the mostlikely value. v 95.00% 1,871,099.08
100.00% 2,690,456.43




el Portfolio Optimization

v/ SCHOOL

Efficient Frontier: Obtains the optimal Multi-Objective Portfolio Matrix: Optimizes the portfolio of options
portfolio combination of all flexible from different stakeholders’ points of view (e.g., OPNAV Requirements,
options within various levels of Lethality, Future Weapons Upgradability, SME Military Value, Financial
budgetary and other constraints Metrics, and any other noneconomic qualitative variables)

Objective Function
Frontier Variable

Model Modell | Model2 | Model3 | Model4 | Models

Optimized Constrai 2487042.0000 | 2718646.0000 | 2718646.0000 | 2718646.0000 Objective 1,408,735.73 51.16 53.56 48.10 53.56
T T T T T Al
e e e ot 3800000 4,000,000 4000000 3,750,000 4,000,000
[ optow TR T T D Constraint
D Gt BEET T T IR I I
D opes BTN DT T IR Option 1 _____ 4
T OGO OO 100 10 10 000 00O 000 000 000 O
| owm  owm ow | ow | ow
BTN 0 o0 | 10 | 10 | 10 | o 100 0 100 100 100 100 S
- DRI w0 e we PEUOTTT 000 100 100 [W600 100
T T OGEEN 10 10 1o 100 Option 4 ’
Option 5 5
R . . . Ooti i
] Portfolio Efficient Frontier Option 6 .
";:Jl- \T 2,800,000 1
.‘J{‘ 2,700,000 ] Fl'titl na =
' — .
2,600,000 Option 9 2
ks Jue 100 0 100 0 100 100 100 S
; 2,400,000
. 2,300,000
2,200,000
2,100,000
2,000,000

2,000,000 2,500,000 3,000,000 3,500,000 4,000,000
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. Yes, there’s some math involved...

For instance. we first start by solving for the critical value of 7, an iterative component in the
model using:
The preceding closed-form differential equation models are then verified using the risk-neutral
X, = Ig_g{rﬂ_q;q)[lﬂ(f [ X)+ @ —-g+0’/2)T, - H}] market-replicating portfolio approach assuming a sequential compound option. In solving the
o J(T, -1,) market-replicating approach. we use the following functional forms (Mun, 2006):

_xee _rl;q,[ In(I/X,)+ (=g > /2T, -1, :-] * Hedge ratio (7):

CF,“I(TI—II} h _C@—Cmn
-1 S"p _ SMR

Then, solve recursively for the value 7 above and input it into the e Debt load (D):
In( S/ X)+(r—g+0 /DT, D, =5;(h,)-C

Call value (C) at node i:
C,=S,(h)-De™"*

o,

Compound Option = Se 0
n(S/I+(r—g+c’ /2t

0/ T | . e
o.fn ¢ Risk-adjusted probability (g):
_ . _
WS/ X)+C—g+0 (DT o g, =227 Saen ghtained assuming
- L2 B Yo} o\ S~ Saoun
3
- WS/D+C-gto I _, = oo Si1 =4Sy + (1= )5 s
L i e This means that
xeto h{SID+{rF+Oﬂ 12, _wﬂ St =4S+ Sivon = USivn yq WS ~Sionn] = it =S
J 2
- ; Sit = S doren
so we get g, =
up _Sdm‘n
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