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EXECUTIVE SUMMARY

Objective

The Collective Protection (COLPRO) Business Area Manager (BAM) is
continuously faced with investment decisions, i.e., deciding how much of his limited Tech Base
funding should be invested in which technology R&D programs. The BAM needs a method to
help him develop and examine alternative funding strategies for different technology thrust areas
(e.g. Air Purification, Shelter Materials, and Critical Components) within the business area to
determine which investment portfolio will provide the highest return.

Method and Approach

The Decision Analysis Team worked with the COLPRO BAM and subject matter
experts (SMEs) to develop resource allocation models that help identify the combinations of
technologies that offer the most efficient use of a finite budget. Three software packages were
used to support the process—DPL™, EXCEL™, and EQUITY™.

Using DPL™ to create a decision tree model, each high potential technology was
represented as a separate “investment decision”, i.e., whether or not to fund a technology, and at
what level. Strategy tables were then created to identify sets of technology investment decisions
(Figure 1), design alternative investment strategies—no investment, low investment, moderate
investment, or high investment (Figure 2), and evaluate them to determine the expected value of
each strategy.

For each technology, a panel of SMEs estimated the costs of alternative
investment levels, probabilities of success, technology benefit levels, and overall technology
weights. The weights reflect each technology’s relative importance, and are based on potential
performance and current maturity levels.
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These assessed measures were compiled into an EXCEL™ spreadsheet

(Figure 3).
Program Outcome Probability of
Success ")
Total|] Technology
Minimal | Partial [ Complete| Prob.] Weight ®
0.50 0.30 020 | 1.00
0.30 0.40 0.30 - 1.00
Closures Seams and 90 1 030 | 050 | 100 26%
Seals ‘
10 66 100
Figurc 3. Example Technology Program Estimatcs
Results/Products:

The decision tree models for each of the COLPRO technology thrust areas
produce thousands of potential combinations of investment levels. EQUITY™ is a resource
allocation software tool useful for examining all the possible combinations of the technology
investments and finding those combinations that provide the most overall benefit for any given
level of funding.

In EQUITY™, a Pareto Diagram is a graphical representation of all benefit-to-
cost combinations (Figure 4). In this diagram, all the feasible combinations fall within the green-
shaded area. The set of optimum investment strategies is represented in the diagram on the
upper “frontier” of the diagram. These are the best strategies across a range of different
investment funding levels, or costs. A “best value” investment strategy is located at the “knee”
of the frontier curve. Beyond the knee, additional
funding provides diminishing returns.

BENEFN “Knec of the curve” rence Values
The priority order for funding the
10007 \ Lot technologies and the funding levels are listed in an
800 - RN “Order of Buy”, showing the incremental and
L I cumulative costs and benefits for the technologies
6004 ,° (Figure 5). From this model and assessment
I . exercise, a portfolio of technology investments that
B I provides the best use of limited funding can be
200 4 - determined.
0 T 7
1] 10000 20000
COSTS (0 to 29000)
-

Figurc 4. Examplec EQUITY Parcto Diagram
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Order of Buy
COSTS BENEFITS

TECH LEVEL INC CUM INC CUum
# 1 Heterog 1 None u] a} o o B
# 2 Homog 1 None 0 s} 3} 0 E
#0 3 Multil 1 None 0 u] 8] o
# 4 Semiperm 1 None u} 5] s} o
# 5  SelecPerm 1 None 0 o 0 o
# 6  HiSurTen 1 None ] 0 0 o’
# 7 ActReact 1 None u} u} 0 0
# 3 Multil 2 Low 1000 1000 163 163
#2 1 Heterog 2 Low 1000 2000 114 277
# 4  Semiperm 2 Low 1000 3000 100 376
# 5 SelecPerm 2 lLow 1000 4000 64 441 .
# 2 Homog 2 Low 1000 5000 49 489
# 6 HiSurTen 2 Low 1500 8500 36 525
7 ActReact 2 Low 1500 8000 34 559 ]
#3 5  SelecPerm 3 Mod 1000 9000 16 576 7
#9 3 Multil 3 Mod 1000 10000 15 £80
0 3 Multil 4 High 1000 11000 15 605 |
#1 6 HiSurTen 3 Mod 1500 12500 20 625
#M2 1 Heterog 4  High 2000 14500 23 648
#3 7 ActReact 3 Mod 1500 16000 15 663 ° ]
#a 4 Semiperm 3 Mod 1000 17000 ] 672
#15 7 ActReact 4  High 3000 20000 23 695
#B 5 SelecPerm 4 High 2000 22000 13 708 |
#7 4 Semiperm 4  High 2000 24000 " 719
#18 2 Homog 4 High 2080 26000 10 729
#19 B HiSurTen 4 High 3000 29000 9 736 m’i

Figurc 5. Example Order of Buy

The BAM developed three initial investment models—one for each of his
technology thrust areas. Two Working Groups comprised of COLPRO SME:s attempted to
validate the best value strategies resulting from the models by independently developing model
parameters. The Working Groups restructured the models and provided a number of assessments
that were significantly different from the BAM. The resulting Working Group models for Air
Purification and Shelters were not able to validate the best value strategies from the initial

models.
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PREFACE

The work described in this report was started in August 2002 and completed in
September 2003.

This report was prepared in response to a request from the Collective Protection
Business Area Manager (COLPRO BAM) to extend the CP Business Area Master Planning
Model developed during the COLPRO Front End Analysis and Master Planning process in 2001.
It is an annex to the previously published FEA/MP report.

The use of either trade or manufacturers’ names in this report does not constitute
an official endorsement of any commercial products. This report may not be cited for purposes
of advertisement.

This report has been approved for public release. Registered users should request
additional copies from the Defense Technical Information Center; unregistered users should
direct such requests to the National Technical Information Center.
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TECHNOLOGY INVESTMENT STRATEGY ANNEX,
COLLECTIVE PROTECTION FRONT END ANALYSIS AND
MASTER PLAN REPORT

1. OVERVIEW

The Chemical Biological Collective Protection (CB COLPRO) Master Plan
Summary, dated February 2002, stated: “Key objectives of the Master Plan were to determine
areas of technical emphasis within the COLPRO business area, examine funding strategy
alternatives, and determine the combinations of technologies that can provide the most effective
use of a finite budget. These combinations are represented by variables in a software model....
The model allows the Business Area Manager (BAM) to consider a number of strategy variations
to test the robustness of the investment strategy for each technology category. These exercises
can demonstrate where it may be desirable to make less risky investments and accept more
modest expected returns.”

This Technology Investment Strategy Annex provides conclusions based on these
exercises and is the final step in the COLPRO Front End Analysis (CP FEA) and Master
Planning (CP MP) processes for 2001-2002. The Technology Investment Strategies were
developed in a series of meetings between the CB COLPRO BAM and subject matter experts
(SME) from January 2002 to August 2002.

The CP FEA process consisted of a technical assessment on all viable Air
Purification and Shelter Materials and Treatments technologies. The result of the assessment
was a ranking of the technologies relative to five application areas. The rankings were based on
how well each technology performed against 14 criteria that were oriented towards Efficacy,
Operational, Logistical, and Safety, Health, and Environment considerations. These results
indicated each technology’s potential at satisfying the set of user requirements as described in the
various program Operational Requirements Documents (ORD).

The CP FEA results and technology rankings were used to generate a set of “high
potential” technologies. The CP MP process then evaluated these select technologies against
other considerations, such as maturity and data gaps, to determine their potential to transition
into viable products. The first product of this process was the identification of the technologies
that will be emphasized in the Tech Base Program, and when they may be available to transition
into acquisition programs. A second product of the process was a strategic resource allocation
model that would help the BAM determine how to invest available funding in the COLPRO area,
both at the technology level and at higher, programmatic levels. The CP Master Plan process
involves four steps:

1. Define the COLPRO business area program framework;

2. Assess COLPRO high potential technologies, in terms of: maturity and data
gaps/limitations, technology program/research activities, resource profiles, and
technical risk;

‘Prioritize high potential technologies and establish transition timeframes;

4. Develop planning models and examine alternative program strategies.

W




The first three steps were documented in Section 8 of the Collective Protection
Front End Analysis and Master Plan Report, dated March 2002. The final step involves
determining areas of emphasis within the COLPRO Business Area. This includes determining
investment priorities within the technology thrust areas, the technology categories, and between
the various technologies themselves.

Although the technologies were prioritized in the CP MP, program resources
necessary to fund 6.2 development for all the high priority technologies are not likely to be
available. The objective of the investment strategy exercises was to examine alternative funding
strategies and determine the mix of technologies that can provide the most effective use of
limited dollars. A key assumption was that a mix of investments in a range of high value, but
potentially redundant technology categories, would be a better investment strategy than investing
solely in one or two categories. In addition, technologies that potentially contribute to more than
one acquisition program or application area would be more cost-effective investments.

To accomplish this final objective, an analytical framework was constructed
during the CP MP process. The framework is a decision tree model based on the software
package DPL™ (Applied Decision Analysis, LLC). The decision tree let the BAM choose any
set of technology investment decisions that, together, comprise an investment strategy, and
shows expected benefits and costs resulting from the strategy. An advantage of the decision tree
is the ability to incorporate uncertainty by examining various probabilities of success.
Sensitivity analysis can also be performed to see how varied inputs, such as expected project
costs, affect the outcomes.

The process used to develop the DPL™ decision tree model is described in
Section 8.5 of the Collective Protection Front End Analysis and Master Plan Report, dated
March 2002. The resulting decision tree model was used to analyze a small number of
investment strategies for the BAM. That model showed that for both AP and Shelters, the
expected benefits from technology investment reached a point of diminishing return. That “knee
of the curve” suggested that a “best value” strategy existed for each technology thrust area.

However, the decision tree model was not able to help the BAM to easily identify
the best strategy to recommend among the thousands of potential combinations of funding levels
for each technology thrust area. For this answer, resource allocation models were built based on
the decision tree framework.

The CB COLPRO BAM met with members of the Decision Analysis Team
(DAT) in January 2002 to develop Technology Investment Strategies for each of the three
Technology Thrust Areas: Air Purification, Shelter Materials and Treatments, and Critical
Components. These strategies were developed using “initial” resource allocation models that
extended the decision trees discussed in the Executive Summary for assessing the various
investment priorities and allowed the BAM to explore and optimize technology investments for
any given level of resources. These initial models were later revised by Working Groups
consisting of the BAM and selected SMEs.



The resource allocation models were developed using Microsoft EXCEL™ and
the EQUITY™ software package (Enterprise LSE, Ltd.). EQUITY™ is a commercial modeling
tool used for a wide variety of investment planning applications in government and industry. It
uses the marginal benefit-to-cost ratio of each investment option to create an ordered list of
investments where the priority order of investment choices does not change if the resources
increase or decrease. The software allowed the BAM and DAT to meet the study objective of
examining alternative funding strategies to determine the combination of technologies that would
efficiently use limited funds.

2. TECHNOLOGY INVESTMENT STRATEGIES

2.1 Elements of the Strategy Models.

There are four major elements to an EQUITY™ investment strategy model: 1)
the structure of investment areas and levels, 2) expected payoffs, or relative returns on
investment levels, 3) probabilities of each potential outcome, and 4) priorities, or importance
weights, among the various investment areas.

2.1.1 Structure.

The basic structure of the strategy model resembles a matrix. The technology investment
categories are listed down the left-hand side of the matrix, and the potential levels of investment
are listed across the top (Figure 1).

©5 EQUITY for Windows - [ c:\mydocu-1\other\equity\cpmast-1icp_ap_03.eqw ] . !Eﬂ
‘ FIIE Edit V|ew Configure Clipboard Analysis Help
A Al 4 =7 el
arlsa B ‘ .l@i‘l L_J fll I" !
2 3
Tech A . None Low Mod High Maxlmum
Tech B - None Low © |Mod ngh f Maximum
S ISR NOSCUSUSRS NS
TechC None Low Mod ngh %Maanum
TechD Nore | Low Mod High EM&leum
TechE None [ Low Mod High %Ma)amum
: — I - -

Figure 1. Technology Investment Strategy Model

The potential levels of investment, or the amount of resources spent, increase
going from left to right. A “None” level (Level 1) is included to show that it is feasible not to
invest in a technology category at all. A “Maximum” level of investment (Level 5) is included to
show that there is a theoretical amount of resources that could mitigate all risk in a technology
category and guarantee success, but it would be prohibitively expensive. A Moderate level of




investment was developed for each technology category based on the “nominal” or baseline cost
estimates from the Master Plan. Increasing or decreasing the baseline levels, generally by 50%
each way, also developed Low and High levels of investment.

2.1.2 Payoffs.

The expected results, or payoffs, from a technology investment are the next
elements of the model. The initial models used three potential outcomes, defined as:

e Minimal Success: The research goals are not achieved, but there may be some -

residual contribution to the overall program;
e Partial Success: Many program objectives are achieved, such that the benefits

achieved are somewhat more than halfway between the Minimal and Complete levels;
e Complete Success: All, or nearly all, program objectives are achieved.

In the models, each potential outcome has an expected relative benefit to the
program. A relative benefit score of 100 is assigned to Complete Success. A relative benefit of
0 would result from no investment in the technology. The Minimal and Partial results represent
the relative value of intermediate degree of success outcomes on the 0-100 interval scale.

For the initial models, the BAM assessed the relative values shown below in
Table 1.

Table 1. Initial Model Payoffs

Complete Success 100
Partial Success 55
Minimal Success 10
No Success 0

The BAM assumed that relatively low value would result from any development
effort that only had minimal success—about 10% of the total value of a completely successful
effort—and a partial success would achieve somewhat more than 50% of the total possible value.
With these assessments, the BAM expressed a neutral “risk preference” toward project success in
that, in his judgment, increases in project value are commensurate with increases in degree of

SuccCess.

2.1.3 Probabilities.

The BAM assumed that the probability of each potential outcome in the previous
section would vary depending on the amount of resources invested. In other words, he would be
able to increase the chances of success by investing more resources in a technology category.
The BAM developed initial models with four feasible levels of investment—None, Low,




Moderate, and High—and assessed the probabilities of success across the outcomes using a
matrix like the one shown below (Table 2).

Table 2. Example of Probabilities of Success

Program Outcome Probability of Success
Investment Level Minimal Partial Complete
Low .5 A4 .1
Moderate 2 .6 2
High A 5 4

The probabilities along each row in the table above must sum to 1.0. An
investment level of “None” always results in No Success. In contrast to the single set of payoff
values that the BAM applied to all technology categories (Table 1), the BAM assessed a different
pattern of probabilities for each technology category. These assessed probability sets are shown
in Tables 3, 4, and 5. Although the BAM assessed equivalent payoff values for each technical
category, the probabilities assigned by the BAM varied for each technical category.

Table 3. Air Purification Initial Model Inputs

Program Outcome Probability of
Success
Probability
Total| Adjusted | Technology
Minimal | Partial | Complete | Prob. Benefits W eight
- 0.80 0.15 005 ~1.00 7125
0.50 0.30 0.20 - 1.00 47750
02 Supply 0.30 0.40 0.30 1.00 55.00 21%
Technology Benefif 10 55 100
$5.000 U0 T30 010 : 3050
$10,000 0.0 0.45 0.5 T.00 4375
CatOx : 515,000 035 0.40 0.25 ~1.00 50.50 19%
Technalogy Benefi] 10 55 100
: 075 720 005 R Z3.50
030 U145 0.15 T.00 4375
Regen 0.30 0.40 0.30 1.00 55.00 17%
Technology Benefi]f 10 55 100
T.70 025 PRV . 25.75
U35 T30 015 Y00 4T50
Noncarbon Materials 0.30 0.40 0.30 1.00 55.00 8%
10 55 100
Q , T.70 T.25 0.05 . 7575
; are ; T.20 U50 030 T.00 5950
Nonmembrane Filters 3 gy R 0.10 0.30 0.60 ~1.00 77.50 8%
i TechnologyBenefif 10 55 100 “
ToW 5T, U.55 T.20 0.05 . 3750
KRS U725 U0 0.25 100 55.00
Engineered Composites| 015 045 0.40 T.00 66.25 6%
10 55 100
T.60 035 005 . 3025
025 U050 0.25 "00 55.00
Fiber Filter Treatments 0.20 0.35 0.45 1.00 66.25 8%
10 55 100
050 0.5 0.15 . 39.25
0.25 0.50 0.25 T.00 55.00
Activated Carbon Toh 0.15 0.40 0.45 1.00 68.50 13%
Technol’ogyBeneﬁl‘ 10 55 100




Table 4. Shelter Materials Initial Model Inputs

Program Qutcome Probability of
Success
Probability
Total] Adjusted | Technology
Technologies Minimal| Partial | Complete | Prob.] Benefits Weight
fim et HlBT M
Heterogeneous . 1. .
. 1. »
Homogeneous $1,000 0.15 0.50 0.35 | 1.00 64.00 7% -
2,000 0.10 0.45 045 | 1.00 70.75
0.05 0.35 060 | 1.00 79.75
Multilayer 0.15 0.55 0.30 | 1.00 61.75 24%
0.10 0.50 0.40 | 1.00 68.50
1.00 75.25
Semipermeable 0.15 0.45 66.25
0.10 0.40 73.00
0.05 0.30 82.00
10 55
Selectively Permeable 0.30 32.50 18%
0.30 0.20 . 1.00 41.50
035 0.25 T.00 48705
55
R L
0.45 34.75 9%
0.60 55.00
0.70 54.00
55 100
Active/Reactive 0.25 0.05 1.00 25.75 12%
$3,000 0.50 0.40 0.10 J 1.00 37.00
36,000 025 0.50 0.25 ~1.00 55.00
‘Technology Benefit - TR 10 55 100 -

214 Priorities.

The final model element—priorities—is a relative weight on the technology
categories that indicates the importance, or impact on the Business Area, of transitioning each
one. While the value of success for each technology category was the same, some technologies,
if successfully transitioned, would be preferred to other technologies. Therefore the BAM
assigned a higher weight to the 0-100 scales of higher priority technologies.

The BAM used a combination of techniques to prioritize the categories in each of
the three technology thrust areas, including an ordinal ranking technique, a pairwise comparison
technique, and an anchoring and adjusting technique. In the ordinal ranking technique, called
Simplified Multi-Attribute Rating Technique—Ranking (SMARTER), the BAM assessed -
weights by listing the rank order of importance of each technology category. Decision support
software (Logical Decisions for Windows™) uses the importance ordering to compute a set of
implied weights. The set of weights represents a center of mass of all the possible sets of
weights consistent with the ordering using a “centroid” algorithm.




Table 5. Critical Components Initial Model Inputs

Program Outcome Probability of
Success
Probability
Total| Adjusted | Technology
Minimal| Partial | Complete] Prob.} Benefits Weight
0.50 0.30 0.20 T00 41.50
cl s nd 0.30 040 0.30 - 1.00 55.00
osures Seams 8 010 | 0.30 080 [ 100 | 7730 26%
Seals
10 55 100
0.30 0.40 0.30 R 55.00
0.20 0.40 0.40 T.00 64.00
Airbeam 0.10 040 050 [ 100 73.00 13%
10 55 100 *
0.55 0.30 015 | 1. 37.00
040 0.35 0.25 T.00 4875
Tension Frame Fabric 0.25 0.40 035 | 1.00 5950 3%
10 55 100 “
0.50 040 0.10 . 37.00
c ite F 040 040 020 T.00 35.00
Omposite Frame 030 | 040 530 | TO00 | 5500 7%
Hinge
10 55 100 “
0.0 T.30 .30 . 50.50
0.15 0.30 0.55 1.00 73.00
Threat Mitig Methods 0.05 0.25 G.70 T.00 8425 10%
10 55 100 “
045 0.35 0.20 . 3375
U-30 0.30 040 T.00 5950
Airlocks/ Barriers/Doors 0.70 0.20 0.70 1.00 82.00 19%
10 55 100 m
055 030 015 . 3700
T30 035 035 T.00 57.25
Integrated Power ECU 0.20 0.40 040 | 1.00 64.00 16%
10 55 100
0.6 0.3 0.1 1.00 32.50
04 0.3 0.3 - 1.00 50.50
Energy Eff Materials 0.3 0.3 04 | 1.00 ©9.50 6%
Technology Beneﬁtl 10 55 100 -

In the pairwise comparison technique, called the Analytic Hierarchy Process
(AHP), the BAM defined the weights by assessing ratios of the technology category
importance—an importance ratio for each possible pair. In the AHP method, an approach based
on linear algebra is used to compute a "best fit" set of weights based on the ratios entered.

In the anchoring and adjusting technique, called Simplified Multi-Attribute Rating
Technique (SMART), the BAM defined the weights by entering the relative importances in the
form of "swing weights". Swing weights describe the relative importance of "swinging" a
technology from its least preferred to its most preferred level. He assigned a weight of 100 to the
technology that is most important to swing to its most preferred level. He then assigned lower
weights to the other technologies based on the relative importance of swinging them vs. the most
important technology. The assessed weights are shown in Tables 3, 4, and 5 in the right-most
column. The BAM used the weights computed by Logical Decisions for Windows™; each
method refined the weights computed by the previous method.




2.2 Initial Air Purification Technology Investment Model.

The first of the three initial models was developed for the Air Purification
technology thrust area. The CP FEA identified eight high potential technology categories and
the Master Plan Report provides detailed descriptions of them. The model inputs are shown in
Table 3. The numbers in the Probability Adjusted Benefits (PAB) column were obtained by
multiplying the Program Outcome Probability of Success for the Minimal, Partial, and Complete
levels by the respective Technology Benefit levels and then by summing all of the products for
each of the investment levels. For example, to calculate the PAB for the Low Investment level
of 02 Supply (21.25) one would do the following: (0.80*10) + (0.15*55) + (0.05*100).

Each technology category was treated as a separate investment area (row) within
the model (Figure 2). For each potential investment level along a row, the cumulative costs and
probability-adjusted benefits were assigned (from Table 3).
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Figure 2. AP Initial Technology Investment Model

The model produces a Pareto diagram of all possible combinations of funding levels
(390,625) EQUITY normalizes all benefits in a model so that the total possible is always a
maximum of 1000 relative benefit points (Figure 3). However, even if the highest investment
was made on all technologies (total of $64.2M) the BAM could not expect to achieve more than
about 60% of the maximum benefit because of uncertainty about the success of the development
efforts (593 out of 1000 points).

The green shaded area at the top of the diagram shows where these “infeasible”
strategies lie. Infeasible strategies include at least one maximum level (Level 5), which assumes
a 100% guaranteed complete success. The BAM did not consider this possibility to be feasible.
The set of optimum frontier strategies, therefore, lies along the top edge of the yellow shaded
area of feasible strategies.
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Figure 3. AP Pareto Diagram

Because the frontier curve is quite smooth, there is no “knee” and so it is not clear
where the “best value” strategy lies. The “F” point along the frontier shows a typical best value
strategy, where for a little less than 50% of the total cost, or $28.9 M, the program could achieve
382 points, or 64% of the feasible benefit. This suggested best value strategy, called the Frontier
Package, is shown in Figure 4.

Frontier Pack #12 Preference Values
COSTS BENEFITS
TECH LEVEL Cost Benefit

Total Total
1 OZ8upply > 2 Low 4500 | 4500 45 45
12 CatOx 2 Low 5000 | 5000 G2 62
'3 Regen 2 Low 3850 | 3850 40 40
4 NonCarbon 2 Low 1750 | 1750 21 21
5 NonMemfFilt < 4 High 4500 | 4500 52 62
6  EngComp 2 Low 1800 1800 20 20
7 FibFilTreat 3 Mod 3000 | 3000 44 44
8  ActCarbon 4 High 4500 | 4500 89 ag
: Frontier package 28900 | 28900 /2| 382
 Mext Package #13 33400 33400 424 424
| Previous Pack #11 27400 27400 37 37

Figure 4. AP Best Value Strategy




For each technology category, the recommended level of investment is shown in
the LEVEL column. The RED arrow indicates the level that would be increased next if
additional funds were invested (the next “buy”). The RED Next Package #13 shows the total
cost and benefit of that “next” strategy. The BLUE arrow indicates the level that would be
reduced next if funds were cut (the next “sell”). The BLUE Previous Package #11 shows the
total cost and benefit of that “previous” strategy.

The COSTS and BENEFITS columns show the costs and benefits for each
technology category at the recommended levels. The Total columns are the same as the Cost and
Benefit columns because there are only one type of cost and one type of benefit in the model.

The complete Order of Buy is shown in Figure 5. This is the investment list that
the BAM should follow in order to maximize the value of his investments at any cumulative
level of funding. The best value strategy is shown at increment #12.

I Order of Buy

Order of Buy . LT E
L COSTS =~ BENEFITS

TECH LEVEL INC* “CUM . INC: CUM
#0 1. O2Supply 1. Mone Y | s TR 1 o
#0  2- CatOx 1 None 0 0 0 0.
#  3- Regen 1 None 0 .0 o 0
L #) 4- NonCarbon 1. None o 0 0 0
#0 5. NonMemFilt 1 None . B i B o 0 0
# B- EngComp 1. None 0 0 0 0
# 7. FibFilTreat 1 None 0 .0 0 0
# 8- ActCarbon 1 NMNone 0 . 0 0 0:
# 8- ActCarbon 2 Low 1500 1500 51 51
#  7- FibFilTreat 2 Low 1500 3000 2475
#  5- NonMemFilt 3 Mod 3000 6000 48 123
#1 8- ActCarbon 3 Mod 1500 7500 . 20 143
# 7- FibFilTreat 3 Mod 1500 - 9000 20 163
# 2- CatOx 2 Low 5000 - 14000 62 - 225
#  4- NonCarbon 2 Low 1750 15750 21 245
# 8- ActCarbon 4 High : 1500 © 17250 18 263 ¢
# 6- EngComp 2 Low 1800 - 19050 20 283
- #10 3- Regen 2 Low o 3850 22900 . 40 . 32
#M1 1-  02Supply .2 Low e 4500 - 27400 45 367
| #12 5-  NonMemFilt 4 High 15000 - 28900 147 382
#3 1- 02Supply 3", Mod ' :
#4 3. Regen 3. Mod
#5 B6- - EngComp: .3 Mod
#6 4. NonCarbon 3 Mod s : v - 40800: 13
| #17 1-  02Supply 4 High - 4500 45300 .28, 513
. #18 . 4- NonCarbon 4 High . 1750 47050 11 524
#9 7- FibFilTreat 4 High 1500 . 48860, © 9. 533
#0 3- Regen 4 High - 3850 52400 - 19 . 0 552
#21 2- CatOx 3 Mod . 5000 57400 21 . 573
| #22 6- EngComp 4 High 1800 59200 -7 580
#3 2- CatOx 4 High 5000 - 64200 13 593

F igure 5. AP Initial Order of Buy
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2.3 Initial Shelter Materials and Treatments Technology Investment Model.

The second model was developed for the Shelter Materials and Treatments technology thrust
area. The CP FEA identified seven high potential technologies in three technology categories
(Table 4).

Each technology was treated as a separate investment area (row) within the model
(Figure 6). For each potential investment level along a row, the cumulative costs and
probability-adjusted benefits were assigned (from Table 4).
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Figure 6. SM Technology Investment Model

The model produces a Pareto diagram of all possible combinations of funding
levels with a maximum of 1000 relative benefit points (Figure 7). However, even if the highest
investment was made on all technologies (total of $29 M) the BAM could not expect to achieve
more than about 70% of the maximum benefit because of uncertainty about the success of the
development efforts (693 out of 1000 points).
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Figure 7. SM Pareto Diagram
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The green shaded area at the top of the diagram shows where these “infeasible”
strategies lie. (See the previous section for an explanation of infeasible strategies.) The set of
optimum frontier strategies, therefore, lies along the top edge of the yellow shaded area of
feasible strategies.

In this technology thrust area, there appears to be a clear “knee” on the frontier
curve. The “F” point along the frontier shows a best value strategy, where for a little less than
20% of the total cost, or $5 M, the program could achieve 451 points, or 65% of the feasible
benefit. This suggested best value strategy is shown in Figure 8.

; B Frontier package - (] Xli
 Frontier Pack # Preference Values
| COsTS BENEFITS
TECH LEVEL Cost Benefit
Total Total
1 Heterog 2 Low 1000 | 1000 1061 106
2 Homog < 2Low 1000 | 1000 45 45
3 Mutil 2 Low 1000 | 1000 148 148
t4  Semiperm 2 Low 1000 § 1000 93 93
‘5 SelecPerm 2 Low 1000 | 1000 59{ A9
B HiSurTen > 1 None 0 0 0 0
‘7 ActReact 1 None 0 0 i 0
Frontier package 5000 | 5000 4511 451
| Next Package # BE00 6500 482 482
Previous Pack #4 4000 4000 406 406

Figure 8. SM Best Value Strategy

For each technology category, the recommended level of investment is shown in
the LEVEL column. The RED arrow indicates the level that would be increased next if
additional funds were invested (the next “buy”). The RED Next Package #6 shows the total cost
and benefit of that “next” strategy. The BLUE arrow indicates the level that would be reduced
next if funds were cut (the next “sell””). The BLUE Previous Package #4 shows the total cost and

benefit of that “previous” strategy.

The COSTS and BENEFITS columns show the costs and benefits for each
technology category at the recommended levels. The Total columns are the same as the Cost and
Benefit columns because there are only one type of cost and one type of benefit in the model.

The complete Order of Buy for Shelter Materials is shown in Figure 9. This is the
investment list that the BAM should follow in order to maximize the value of his investments at
any cumulative level of funding. The best value strategy is shown at increment #5.

»




Order of Buy
COSTS BENEFITS

TECH LEVEL INC CUM INC CUM
# 1- Heterog 1 None 0 0 0 1]
- #  2- Homog 1 None 0 0 0 0
- #0 3- Multil 1 MNone 0 0 0 a
W 4- Semiperm 1 None 0 0 0 0
# 5- SelecPerm 1 None 1] 0 ] 0
#  b6- HiSurTen 1 None 0 0 0 0
 #0  7- ActReact 1 None 0 0 0 0
# 3-  Muil 2 Low 1000 1000 148 148
| # 1- Heterog 2 Low 1000 2000 106 254
# 4- Semiperm 2 Low 1000 3000 93 347
L # 5- SelecPerm 2 Low 1000 4000 59 406
# 2- Homog 2 Low 1000 5000 45 451
# B- HiSurTen 2 Low 1500 5500 3 432
# 7- ActReact 2 Low 1500 8000 k)| 513
#  3-  Mulil 4 High 2000 10000 32 845
1@  5- SelecPerm 3 Mod 1000 11000 16 561
| #10 1- Heterog 4 High 2000 13000 25 587
#11 B6- HiSurTen 3 Mod 1500 14500 18 605
#12 4- Semiperm 3 Mod 1000 15500 9 614
#M3 7- ActReact 3 Moad 1500 17000 13 628
#14 7 - ActReact 4 High 3000 20000 22 649
#15 4- Semiperm 4 High 2000 22000 13 662
{ #16 5- SelecPerm 4 High 2000 24000 12 B74
| #17 2- Homog 4 High 2000 26000 N 685
#8 b6- HiSurTen 4 High 3000 29000 8 693

i

Figure 9. SM Order of Buy

2.4 Initial Critical Components Technology Investment Model.

The third initial model was developed for the Critical Components technology
thrust area. The CP FEA identified 8 high potential technology categories (Table 5).

Each technology category was treated as a separate investment area (row) within

the model (Figure 10). For each potential investment level along a row, the cumulative costs and
probability-adjusted benefits were assigned (from Table 5).
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Figure 10. Critical Components Technology Investment Model

The model produces a Pareto diagram of all possible combinations of funding
levels with a maximum of 1000 relative benefit points (Figure 11). However, even if the highest
investment was made on all technologies (total of $43 M) the BAM could not expect to achieve
more than about 73% of the maximum benefit because of uncertainty about the success of the
develop efforts (731 out of 1000 points).
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Figure 11. Critical Components Pareto Diagram
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The green shaded area at the top of the diagram shows where these “infeasible
strategies lie. The set of optimum frontier strategies, therefore, lies along the top edge of the
yellow shaded area of feasible strategies.

In this technology thrust area, there appears to be a clear “knee” on the frontier
curve. The “F” point along the frontier shows a best value strategy, where for a little less than
20% of the total cost, or $8.5 M, the program could achieve 409 points, or 55% of the feasible
benefit. This suggested best value strategy is shown in Figure 12.

5 BB Frontier package

E Frontier Pack # Preference Values
COSTS BENEFITS
TECH LEVEL Cost Benefit
; Total Total
1 Closures 2 Low 3000 { 3000 1081 108
|2 Airbeam 2 Low 1000 | 1000 72 72
3 TenFrame < 2 Low £00| 500 "N
4 CompPan 2 Low 1000 | 1000 26 26
15  ThreatMit 2 Low 1000 | 1000 51 51
B  Airlocks 2 Low 1000 | 1000 a3 83
7 PowerECU 2 Low 1000 { 1000 59 59
8  EnergEff > 1 None a 0 0 0
Frontier package 8500 | 8500 409 | 409
Next Package #8 9500 8500 4289 429
| Previous Pack #6 8000 8000 398 398

Figure 12. Critical Components Best Value Strategy

For each technology category, the recommended level of investment is shown in
the LEVEL column. The RED arrow indicates the level that would be increased next if
additional funds were invested (the next “buy”). The RED Next Package #8 shows the total cost
and benefit of that “next” strategy. The BLUE arrow indicates the level that would be reduced
next if funds were cut (the next “sell””). The BLUE Previous Package #6 shows the total cost and
benefit of that “previous” strategy.

The COSTS and BENEFITS columns show the costs and benefits for each
technology category at the recommended levels. The Total columns are the same as the Cost and
Benefit columns because there are only one type of cost and one type of benefit in the model.

The complete Order of Buy for Critical Components is shown in Figure 13.
This is the investment list that the BAM should follow in order to maximize the value of
his investments at any cumulative level of funding. The best value strategy is shown at
increment #7.
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O oo
| Order of Buy
COSTS BENEFITS
TECH LEVEL INC CcuM INC CuUM
i #  1- Closures 1 None 0 a 0 0
i #0 2- Airbeam 1 NMone 0 0 0 0
#  3- TenFrame 1 None 0 0 0 0
| #0 4. CompPan 1 None 0 0 0 0 N
i #0 5- Threathit 1 None 0 0 0 0
| %0 B- Airlocks 1 None 0 0 0 0
| #  7- PowerECU 1 None 0 0 0 0 -
| #0 8- EnergEff 1 None 0 0 0 0
{ #1  B- Airlocks 2 Low 1000 1000 83 83
| # 2. Airbeam 2 Low 1000 2000 72 165
T #3 7- PowetECU 2 Low 1000 3000 59 214
| #  5- ThreatMit 2 Low 1000 4000 51 264
i # 1- Closures 2 Low 3000 7000 108 372
| #% 4. CompPan 2 Low 1000 6000 26 398
| # 3- TenFrame 2 Low £00 8500 11 409
# 8- EnergEff 2 Low 1000 9500 20 429
j #8 7- PowerECU 3 Mod 2000 11500 32 461
| #10 6- Airlocks 3 Mod 2000 13500 30 491
1 #11 B- Airdocks 4  High 3000 16500 43 534
#12 1- Closures 3 Mod 3000 19500 35 569
T ™3 1- Closures 4 High 5000 24500 55 627
| #14 5. ThreatMit 3 Mod 2000 26500 23 550
| #15 2. Airbeam 3 Mod 1500 26000 12 662
i ™86 2-  Ajrbeam 4 High 1500 29500 12 673
I #17 3- TenFrame 3 Med 500 30000 3 677
j #18 4- CompPan 3 Mod 1000 31000 6 6683
4 "9 4- CompPan 4 High 1000 32000 B 689
{420 5- ThreatMit 4 High 2000 34000 11 701
| #21 B- EnergEff 3 Mod 2000 36000 1" 71
| #22 7- PowerECU 4 High 3000 39000 11 722
1 #23 3- TenFrame 4 High 1000 40000 3 726
#24 8- EnergEff 4 High 3000 43000 5 73
Figure 13. Critical Components Order of Buy
3. WORKING GROUP VALIDATION SESSIONS .

The COLPRO Master Planning Working Groups (WG) met on August 14 (Air
Purification) and August 15, 2002 (Shelters) at the Edgewood Chemical and Biological Center,
Aberdeen Proving Ground, MD. Each group consisted of the BAM and 6 to 8 subject matter
experts. The objective of the meetings was to validate the initial models developed by the BAM.

See Appendix B for the list of participating SMEs.




3.1 Air Purification.

Before making any assessments, the Air Purification Working Group revised the
structure of the initial model in order to develop the technology investment strategy at a higher
level. The intent was to simplify the model for resource allocation purposes.

3.1.1 WG Air Purification Model.

The Working Group consolidated the eight high priority technology categories
into five technology categories. Table 6 shows the technology categories from the Master Plan
and the consolidated categories from the Working Group session.

Table 6. Air Purification Model Structures

Master Plan Categories

Working Group Categories

Open/Closed O2 Supply

Open/Closed O2 Supply

Catalytic Oxidation

Catalytic Oxidation

Regenerable Technologies

Regenerable Technologies

Non-Carbon Materials

Activated/Impregnated Carbon

Single Pass

Engineered Composite Materials

Non-Membrane Filters

Aerosol-Particulate Removal

Fiber Filter Treatments

The first input to the WG technology investment model was an assessment of the
payoffs, or marginal value, of increased spending in the technology. In other words, how much
better would the expected outcome be if we increased investment from a “low” level to a
“moderate” level? How much better would it be if we increased investment from a “moderate”
level to a “high” level?

The AP Working Group expressed a highly “risk seeking” preference toward
investment in this technology development environment. In other words, participants believe
that there is not much relative benefit to achieving only minimal or partial successes (1 to 10%).
A significant increase in benefit only comes from a completely successful development effort
(Table 7).

Table 7. Comparison of Relative Benefit

Initial Benefit Levels WG Benefit Levels
Complete Success 100 100
Partial Success 55 10
Minimal Success 10 |
No Success 0 0
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For purpose of comparison to the initial model developed by the BAM, the initial
benefit levels were used in the WG EQUITY model. The revised WG benefit levels were then
used to see what impact it would have on the resulting order of buy.

The AP Working Group then developed relative weights for the revised
technology categories. The weights shown in Table 8 are “global weights” meaning that the
weights in each column are normalized to sum to 1.0.

Table 8. Working Group Weights for AP

Initial Model Working Group WG Model
Master Plan Categories Weights Categories Weights
Open/Closed O2 Supply 21 Open/Closed O2 Supply .03
Catalytic Oxidation .19 Catalytic Oxidation A1
Regenerable Technologies 17 Regenerable Technologies 40
Non-Carbon Materials .08
Activated/Impregnated Carbon 13 Single Pass 28
Engineered Composite Materials .06
Non-Membrane Filters .08 Aerosol-Particulate 18
Fiber Filter Treatments .08 Removal )

The WG model weights varied significantly from the initial model. The WG
discounted the potential impact of the O2 Supply technologies because participants believed they
would not be feasible for the range of future systems requiring collective protection. The weight
on CatOx was reduced for similar reasons.

The WG redistributed more weight to Regenerable Technologies because of the
great potential to revolutionize the logistical support required of collective protection systems in
the field.

Finally, the working group assessed probabilities of success for each funding
level. These are shown in Table 9, along with the priorities and probability-adjusted benefits.

3.1.2 WG AP Technology Investment Strategy.

The WG Air Purification model structure is shown in Figure 14. Each technology
category was treated as a separate investment area (row) within the model. For each potential
investment level along a row, the cumulative costs and probability-adjusted benefits were

assigned (from Table 9).
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Table 9. Air Purification WG Model Inputs

Program Outcome Probability of
Success
Probability
Total| Technology | Adjusted
Partial | Complete| Prob.|  Weight Benefits
013 0.02 1.00 17.7
0.30 0.05 1.00 280
O2 Supply 00 0B [T % 775
55
050 40
040 730
CatOx ) 1% 820
55
0.5 ol8
0.35 75.3
Regen 05 0% 83
55
00 ) y 730
) 0.0 075 [ 1o0|| [ %5 |
Single-pass 008 | 090 [T 2% 5
55 100
0.5 U. : 573
Aeroso-Particulate 035 oX [T 708
Removal 025 [ 070 | 100 o 83
% |10 |
FZ EQUITY for Windows - [ c:\mydocu~1\other\equity\cpmast-1\cp_ap_03.eqw ] !EH |
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Figure 14. WG Air Purification Technology Investment Model
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The model produces a Pareto diagram of all possible combinations of funding
levels with a maximum of 1000 relative benefit points (Figure 15). However, even if the highest
investment was made on all technologies (total of $66 M) the BAM could not expect to achieve
more than about 86% of the maximum benefit because of uncertainty about the success of the
development efforts (856 out of 1000 points).
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Figure 15. WG AP Pareto Diagram

The green shaded area at the top of the diagram shows where these “infeasible”
strategies lie. The set of optimum frontier strategies, therefore, lies along the top edge of the
yellow shaded area of feasible strategies.

This WG model compares with the initial AP model as shown in Table 10.

Table 10. Comparison of AP Models

Maximum Investment Total Possible Benefit
Initial Model $64.2 M 593
WG Model $66 M 856

There was a small difference in the maximum investments because the working
group made slightly different assumptions as they rolled the eight categories into five categories.
The difference in total possible benefits reflects the working group’s more optimistic
assessments of probabilities of successful development efforts.
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As opposed to the initial model, where the frontier curve was smooth with no
clear “knee,” the WG model shows a definite best value strategy. The “F” point along the
frontier shows the best value strategy, where for a little more than 20% of the total cost, or
$14.5 M, the program could achieve 593 points, or nearly 70% of the feasible benefit. This WG
AP best value strategy is shown in Figure 16.

M Frontier package !EE
| Frontier Pack #4 Preference Values
COSTS BENEFITS
TECH LEVEL Cost Benefit
Total Total
1 O2Supply 1 Mane 0 a 1] a
2 CatOx > 1 Mone 0 a 0 0
3 Regen 2 Low G500 | 8500 247 247
4 Single Pass < 3 Mod 5000 | 5000 242 242
|6 Aero Part Rem 2 Lowr 3000 3000 103 103
' Frontier package 14500 {14500 593 593
Mext Package # 19500 19500 663 663
- Previous Pack #3 12000 12000 555 555

Figure 16. AP WG Best Value Strategy

For each technology category, the recommended level of investment is shown in
the LEVEL column. The RED arrow indicates the level that would be increased next if
additional funds were invested (the next “buy”). The RED Next Package #5 shows the total cost
and benefit of that “next” strategy. The BLUE arrow indicates the level that would be reduced
next if funds were cut (the next “sell”). The BLUE Previous Package #3 shows the total cost and
benefit of that “previous” strategy.

The COSTS and BENEFITS columns show the costs and benefits for each
technology category at the recommended levels. The Total columns are the same as the Cost and
Benefit columns because there are only one type of cost and one type of benefit in the model.
Using the “risk seeking” benefit values that the AP working group assessed, instead of the
BAM’s “risk neutral” values (Table 7), gives model results that are very similar in the best value
investment strategy (Figure 17). The difference lies, as expected, in a reduction in the overall
assessed value of the strategy (477 benefit points versus 593 benefit points using “risk neutral”
benefit values). This reflects a view that low to moderate investments in the AP technology
thrust area would not return proportional benefits—it would be more efficient to invest at high
levels or not at all.
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T N -

Frontier Pack #4 Preference Values
j COS8TS BENEFITS
TECH LEVEL Cost Benefit
Total Total
i1 Q2Supply 1 None 0 0 0 0
2 CatOx 1 None 0 1] 0 0
{3 Regen 2 Low 500 | 8500 | 191| 191
14 Single Pass < 3 Mod 5300 5000 2167 216 g
15 Aero Part Rem 2 Low 3000 | 3000 701 70
| Frontier package 14500 | 14500 477 477 -
| Next Package # 17000 17000 515 515
Previous Pack #3 12000 12000 424 424

Figure 17. AP WG Best Value Strategy with Risk Seeking Benefit Values

This WG best value strategy is significantly different from the BAM’s initial best
value strategy (Table 11). Even investing 50% of the approximately $64 M maximum, the
BAM’s initial assessment model showed that only a relatively modest 64% of the feasible benefit
could be achieved. In contrast, the WG believed that only a 20% investment could achieve high
benefits of 70%. If the investment level in the BAM’s initial model is reduced to 20%, the
optimal strategy only achieves 38% of expected benefits.

Table 11. Comparison of Air Purification Best Value Strategies

Percent of Total Percent of Total

Possible Investment Possible Benefits
Initial Model 50% 64%
WG Model 20% 70%
Initial Model w/reduced investment 20% 38%

The complete Order of Buy for the WG AP is shown in Figure 18. According to
the WG, this is the investment list that the BAM should follow in order to maximize the value of
his investments at any cumulative level of funding. The best value strategy is shown at
increment #4.

Because the WG consolidated the technology categories from 8 to 5, it is not
possible to directly compare the differences among the Order of Buy lists. However, comparing
Figure 18 to Figure 5, it is easy to see that the biggest difference is the almost total lack of value
placed on the O2 Supply technology by the WG. Because O2 Supply is an expensive program
(Table 9), the WG was able to show more relative benefit from an investment strategy focusing
on Single Pass and other technologies.
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| Order of Buy
COSTS BENEFITS

; TECH LEVEL INC  CUM INC  CUM
| #0 1- 02Supply 1 None 0 0 0 0
| #0  2- CatOx 1 None 0 0 0 0
I #0 3- Regen 1 None 0 0 a 0
| #0 4- Single Pass 1 None 0 0 0 0
L #0 5. AeroPart Rem 1 None 0 0 ] 0
| # 4. Single Pass 2 Low 2500 2500 204 204
| #  3- Regen 2 Low G500 9000 247 452
| #8 5- AeroPart Rem 2 Low 3000 12000 103 555
| # 4- Single Pass 3 Mod 2500 14500 8 593
| #  2- CatOx 2 Low 5000 19500 70 B63
| # 4- Single Pass 4 High 2500 22000 23 666
| % 3- Regen 3 Mod B500 28500 54 740
| #8  5- AeroPart Rem 3 Mod 3000 31500 24 764
| "9 5. Aero Part Rem 4 High 3000 34500 24 788
| #10 3- Regen 4 High 6500 41000 % 824
| #1 2. CatOx 3 Mod 5000 46000 10 834
| "2 2- CatOx 4 High 5000 51000 10 844
| #13 1- 023upply 2 Low 5000 56000 5 849

#M4 1- 025upply 4 High 10000 66000 7 856

Figure 18. AP WG Order of Buy
3.2 Shelters.

The Shelters Working Group was unable to validate the Shelter Materials and
Treatments initial model because the participants believed that the model was too detailed for the
level of information available at this time. As an alternative, the group developed a new model,
which included the Shelter Materials and Treatments technologies and the CP Critical
Components technology thrust area.

3.2.1 WG Shelters Model.

The Working Group combined the seven high potential Materials and Treatments
technologies into a single rating area called Materials (Table 12), which included the technology
categories of Moisture-Vapor Permeable Materials, Impermeable Barrier Materials, and Material
Treatments.
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Table 12. Consolidated Materials Technologies

Master Plan Categories Working Group Category

Selectively Permeable Membranes

Semipermeable Membranes

Homogeneous Materials

Heterogeneous Materials 1. Materials

Multilayer Materials

Active/Reactive Treatments

SN I NI

High Surface Tension Treatments

The Critical Components, Structural Supports and Studies and Analyses
technology categories identified by the Fall 2001 Battelle meeting panel were consolidated from
eight categories to five categories (Table 13).

Table 13. Consolidated Critical Component Technologies

Battelle Meeting Technologies Working Group Technologies

I. Novel Closures, Seams and Seals L. Closures and Seals
2. Seams

2. Air Beam Technologies
3. Tension Frame/Fabric 3. Structural Supports
4. Composite Frames
5. Next Gen Air Locks, Barriers, Doors 4. Airlocks
6. Integrated Power and ECU Control System 5. Environmental Controls
7. Threat Mitigation Methodologies **Not Included in WG model
8. Energy Efficient Materials Development **Not Included in WG model

In the Shelters Area, the working group had difficulty initially assessing the
probabilities of success in terms of minimal, partial, and complete success, because the transition
objectives were not well defined. Instead, for each technology area, the working group assessed
the probability of achieving some kind of transition (incremental or breakthrough) every two-to-
three years over the ten-year program period given a level of funding. Incremental transitions
allow marginal improvements to the existing systems. Breakthrough transitions allow much
better systems to be developed. This “Success” probability was entered in the “Complete”
success column (Table 14). -

The WG used the assumption that a Moderate funding level was “nominal” to
pursue 6.2 development in this area, and that a Low and High funding levels cost 50% less and
50% more respectively.
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Table 14. WG Shelters Model Inputs

Program Outcome Probability of
Success
Probability
Total| Technology | Adjusted
Technologies Minimat | Partial | Complete | Prob. Weight Benefits

o " Low] $13,000 0.00 0.50 050 [ 1.00 50.0

Material .- Investment:Level: (8000} - I ‘Moderate} $26,000 0.00 0.25 0.75 . 1.00 50% 75.0

aterials e —Highy 539,000 | 000 | 035 085 | 1.00 | ° !
Technology Be_neﬁ'l] 0 0 100

T Low] 52,250 0.00 0.40 0.60 | 1.00 60.0

. 0.00 0.10 0.90 1.00 90.0

Airlocks 000 | 0.05 095|700 16% 50
0 0 100

0.00 0.40 0.60 1.00 60.0

) 0.00 0.20 080 | 1.00 80.0

Environ. Control 0.00 0.0 0.00 | 1.00 6% 0.0
0 0 100

1,500 0.00 0.80 020 | 1.00 20.0

3,000 0.00 0.60 0.40 1,00 ) 40.0

Structural Support T Figh 4,500 0.00 0.20 080 [ 1.00 2% 800

Technology Benefit] 0 1] 100

T LOW 52,750 0.00 0.40 0.60 | 1.00 60.0

{:-Moderate] $5,500 0.00 0.10 0.90 - 1.00 90.0

Closures/Seals ——'Hﬁﬂ R 38250 | 0.00 | 0.00 T00 | 7.00 15% T00.0
. Technolog Bineﬁ 0 0 100

s o] $2.750 0.00 0.35 065 [ 1.00 65.0

. Investment Level (3000)- - -J Moderate] 35,500 0.00 0.20 0.80 1.00 80.0

Seams 3 R i i 5250 | 000 | 0.08 004 | 1.00 1% 540
Technology Beneﬁ-l! 0 0 100

The working group assessed the Materials technology thrust area as a roll-up of
the three technology categories: Moisture-Vapor Permeable Materials, Impermeable Barrier
Materials and Material Treatments. As stated above, the working group assumed that the
technical approach in this area would be to make multiple, incremental improvements or
breakthrough transitions every few years over the ten-year timeframe.

The Shelters group assessed the probability of “success” — “success” was only
considered at the “Complete Success” level by the WG — for each investment level, but did not
attempt to assign probabilities to various degrees of success (Complete, Partial, and Minimal).
The group made separate success probability assessments for Impermeable Materials and
Permeable Materials, but did not assess success probabilities for Material Treatments. The group
then assessed an “average” success probability across all Material technologies (Table 15).

Table 15. Materials

Approx. P(Success) P(Success)
Funding for 10 | Impermeable Permeable | P(Success)
Years Materials Materials Average
High Funding Level $39M 98% 60% 85%
Moderate Funding Level $26M 95% 50% 75%
Low Funding Level $13M 85% 10% 50%
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The moderate level of funding in Table 15 was obtained by summing the “high”
level of funding as assessed by the BAM. The WG then added 50% and subtracted 50% to get
the “low” and “high” levels for the above chart.

The working group developed the following representative transition objectives
for the Airlocks technology category based on a Moderate funding level.

e Reduce dwell time (< 3 min)
e Reduce weight and volume

e Reduce purge air volume (total amount of air)
e Reduce energy loss due to air loss

The group then determined a funding level for a ten-year period along with a

probability of success at each funding level for the Airlock technologies (Table 16).

Table 16. Airlocks

WG Model Initial Model WG Initial
Funding Funding Model Model
for 10 Years for 10 Years P(Success) | P(Success)
High Funding Level $6.75M $6M 95% 90%
Moderate Funding Level $4.5M $3M 90% 70%
Low Funding Level $2.25M $1M 60% 55%

The working group developed the following representative transition objectives
for the Closures/Seals technology category based on a Moderate funding level.

¢ Reduce leakage rate
e Improve ease of manufacturing
¢ Improve ease of use

e Contractors to make incremental improvements

e Transitioning something to 6.4, incremental or breakthrough, within 3 years

The group then determined a funding level for a ten-year period along with a
probability of success at each funding level for the Closures and Seals technologies (Table 17).

Table 17. Closures and Seals

WG Model Initial Model WG Initial
Funding Funding Model Model
for 10 Years for 10 Years P(Success) | P(Success)
High Funding Level $8.25M $11M 100% 90%
Moderate Funding Level $5.5M $6M 90% 70%
Low Funding Level $2.7M $3M 60% 50%
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The working group developed the following representative transition objectives
for the Environmental Controls technology category based on a Moderate funding level.

Weight and Volume

Energy Demands

Maintainability

Integrated System (Filter, Blower, Heat, AC, Power)
Scalability

Contractors to make incremental improvements

The group then determined a funding level for a ten-year period along with a
probability of success at each funding level for the Environmental Controls technologies
(Table 18).

Table 18. Environmental Controls

WG Model Initial Model WG Initial
Funding Funding Model Model
for 10 Years for 10 Years P(Success) | P(Success)
High Funding Level $6.75M $6M 90% 80%
Moderate Funding Level $4.5M $3M 80% 70%
Low Funding Level $2.25M $IM 60% 45%

The working group developed the following representative transition objectives
for the Seams technology category based on a Moderate funding level.

Manufacturability
Durability

Efficacy

Universally Applicable
Field Repairable
Multiple Techs

The group then determined a funding level for a ten-year period along with a
probability of success at each funding level for the Seams technologies (Table 19).

= Table 19. Seams
WG Model Initial Model WG Initial
Funding Funding Model Model
for 10 Years for 10 Years P(Success) | P(Success)
High Funding Level $8.25M $11M 100% 90%
Moderate Funding Level $5.5M $6M 100% 70%
Low Funding Level $2.75M $3M 100% 50%
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The working group developed the following representative transition objectives

for the Structural Support technology category based on a Moderate funding level.

Airbeams

Integration

Shelter that does not require a liner

Reduce weight, volume, and O&M
Tension Frame Fabric
Turn into a CB barrier
Composite Frame Hinge

The group then determined a funding level for a ten-year period along with a
probability of success at each funding level for the Structural Supports technologies (Table 20).

Table 20. Structural Supports

WG Model Initial Model WG Initial Model
Funding Funding Model Average
for 10 Years for 10 Years P(Success) P(Success)
High Funding Level $4.5M oM 80% 78%
Moderate Funding Level $3M $5.5M 40% 67%
Low Funding Level $1.5M $2.5M 20% 55%

The Shelters Working Group then developed relative weights for the revised
technology categories. The weights shown in Table 21 are “global weights” meaning that the
weights in each column are normalized to sum to 1.0. The weights in the left column were
developed during the Master Planning meeting for the CP business area.

Table 21. WG Weights for Shelters

Battelle Meeting Technologies Weights | Working Group Technologies | Weights

Materials .50 Materials .50

1. Novel Closures, Seams and Seals 13 L. Closures and Seals 15
2. Seams 11

2. Air Beam Technologies .07

3. Tension Frame/Fabric .01 3. Structural Supports .02

4. Composite Frames .03

5. Next Gen Air Locks, Barriers, Doors .10 4. Airlocks .16

6. Integrated Power and ECU Control .08 5. Environmental Controls .06

System
7. Threat Mitigation Methodologies .05 **Not Included in Model
8. Energy Efficient Materials .03 **Not Included in Model

Development
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322 WG Shelters Technology Investment Strategy.

The next figure shows the strategy model framework as modified by the Shelters
Working Group (Figure 19).

3
Materials None Lowk Mod High E;’Maxihunﬁ '
Air Locks Nowe  flow fwea High Mesdrmum
Environ. Control Noné o LDW« E‘MEVJd ngh N -M.W%Maximum
Structural Suppon NDI’]E o LCIW T Mt;d o ngh~ B “‘;Maxlmum
Closures{Seals None  |Low i Mod  |High ngmmum
Seams None  |Low i Mod "Hi'é'r{“'wmgr\naximum

— o

Figure 19. WG Shelters Technology Investment Model

The model produces a Pareto diagram of all possible combinations of funding
levels with a maximum of 1000 relative benefit points (Figure 20). However, even if the highest
investment was made on all technologies (total of $73.5 M) the BAM could not expect to
achieve more than about 90% of the maximum benefit because of uncertainty about the success
of the develop efforts (900 out of 1000 points).

- Inllnpn
BENEFITS Weighted Preferance Values
1000 4
e "
&E
500 4
1} T T v
0 20000 4000¢ 60000
COSTS (0 1o 73500)

Figure 20. WG Shelters Pareto Diagram
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The green shaded area at the top of the diagram shows where these “infeasible”
strategies lie. The set of optimum frontier strategies, therefore, lies along the top edge of the
yellow shaded area of feasible strategies.

It is not possible to compare this WG model with the initial Shelter Materials and
Treatments model and the Critical Components model because the model structures are so
different.

The WG Shelters model shows a frontier curve that is smooth with no clear
“knee” for a best value strategy. However, the “F” point along the frontier shows a suggested
best value strategy, where for a little more than one-third of the total cost, or $28 M, the program
could achieve 637 points, or a little more than 70% of the feasible benefit. This WG Shelters

best value strategy is shown in Figure 21.

e -1

| Frantier Pack # Preference Values

: COSTS BENEFITS

TECH LEVEL Cost Benefit
Total Total

1 Materials > 2 Low 13000 | 13000 260 250
2 AirLocks 3 Maod 4500 4500 144 | 144

13 Environ. Control < 2 Low 2280 2250 36 36
4 Structural Support 1 Mone 0 0 0 D
5  Closures/Seals 3 Mad 5500 ] &500 135 134
b Seams 2 Low 27501 2750 72 72
Frontier package 28000 | 28000 637 | 637
Next Package #3 41000 41000 762 762

1 Previous Pack #6 25750 26750 601 601

Figure 21. WG Shelters Best Value Strategy

For each technology category, the recommended level of investment is shown in
the LEVEL column. The RED arrow indicates the level that would be increased next if
additional funds were invested (the next “buy”). The RED Next Package #8 shows the total cost
and benefit of that “next” strategy. The BLUE arrow indicates the level that would be reduced
next if funds were cut (the next “sell”). The BLUE Previous Package #6 shows the total cost and

benefit of that “previous” strategy.

The COSTS and BENEFITS columns show the costs and benefits for each
technology category at the recommended levels. The Total columns are the same as the Cost and
Benefit columns because there are only one type of cost and one type of benefit in the model.
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The complete Order of Buy for the WG Shelters model is shown in Figure 22.
According to the WG, this is the investment list that the BAM should follow in order to
maximize the value of his investments at any cumulative level of funding. The best value
strategy is shown at increment #7.

I, [
Order of Buy
COSTS BENEFITS

TECH LEVEL INC CuUm INC CUM
#  1- Materials 1 None 0 0 0 0
I #0 2- AirlLocks 1 None 0 0 0 0
4 #0 3- Environ. Control 1 None 0 0 a 0
# 4- Structural Support 1 None 0 0 0 0
| 90 5- Closures/Seals 1 None 0 0 0 0
i # B- Seams 1 MNone C 0 0 0
L #1 2-  AirlLocks 2 Low 2250 2250 96 96
| # 5- Closures/Seals 2 Low 2750 5000 30 186
| #8 6- Seams 2 Low 2750 7750 72 258
| #  2- Airlocks 3 Mod 2250 10000 48 306
| #  1- Materials 2 Low 13000 23000 250 556
| # 5- Closures/Seals 3 Mod 2750 25750 45 601
1 #  3- Enwiron. Control 2 Llow 2250 28000 36 637
| #8  1- Materials 3 Mod 13000 41000 125 762
1 # B- Seams 3 Mod 2760 43750 17 778
#0 6- Seamns 4 High 2750 46500 15 793
#11 5- ClosurestSeals 4 High 2750 49250 15 808
{ #12 3- Emiron. Control 3 Mod 2250 51500 12 820
#13 1- Materials 4 High 13000  B4500 50 870
1 #14 4- Structural Suppot 4 High 4500 69000 16 886
i "5 2-  Airlocks 4 High 22650 71250 a 894
| #16 3- Environ. Control 4 High 2250 73500 6 S00

Figure 22. WG Shelters Order of Buy

Finally, the Shelters Working Group conducted a direct resource allocation
exercise to assess the participants’ “instinctive” judgment about how available near term funds
should be spent. The participants were asked, “If $1 million were available in the next fiscal
year for the Shelters Area, what percent should be allocated to each of the six technology
categories?” The six individual participants’ assessments (shown as A through F) and the

numerical average are shown in Table 22.
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Table 22. WG Shelters Direct Resource Allocation

Shelters A B C D E F Average
Materials 58.5 25 25 30 20 30 314
Airlocks 12 20 25 20 30 25 22.0
ClosuresSeals 15 15 20 20 20 10 16.7
Env Control 10 20 20 10 10 15 14.2
Seams 45 15 5 20 10 15 11.6
Struct Spt 0 5 5 0 10 5 4.2

Total Percent 100 100 100 100 100 100 100.0

The equivalent $1M/year strategy in the WG Shelters model is shown in
Figure 23, which has a frontier package at exactly $10M over ten years. Because of the large
increments of funding used to build the model, the entire $1M would be allocated to only three
technology categories: Air Locks (45%), Closures/Seals (27.5%), and Seams (27.5%).

Frontier Pack #4 Preference Values
‘ COSTS BENEFITS
TECH LEVEL Cost Benefit
Total Total
1 Materials » 1 None 0 1] ] 0
2 Airlocks < 3 Mod 45001 4500 144 144
3 Environ. Control 1 Mane 0 0 U] 0
44 Structural Support 1 Mone o i} 0 0
5  Closures/Seals 2 Low 2750 2780 30 90
6 Seams 2 Low 2750 2750 72 72
Frontier package 10000 | 10000 306 306
1 Next Package # 23000 23000 556 556
' Previous Pack #3 7750 7750 258 258

Figure 23. WG Shelters Strategy for $1M per Year

However, the “next package” priority increment to the model is the Level 2 (Low
Investment) in Materials ($1.3M per year). At this level of total funding ($2.3M per year), the
model shows results very similar to the “instinctive” allocation (Table 23).

Table 23. Comparison of Resource Allocation Results for Shelters

Technology Category Direct $1M Allocation Model $2.3 M Allocation
Materials 31.4% 56.5%

Air Locks 22% 20%
Closures/Seals 16.7% 12%

Env Control 14.2% 0%

Seams 11.6% 12%

Structural Spts 4.2% 0%
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4. CONCLUSIONS

The Working Group for the Air Purification Technology Thrust Area was not able
to confirm the optimal investment strategy for the AP area as identified by the BAM. As shown
in Table 24, the strategies are very different. The differences lie in terms of the gross amount of
investment needed to gain the bulk of the potential benefits, and in the assessment of the
potential value of O2 Supply and Catalytic Oxidation technologies.

Table 24. Comparison of AP Initial and WG Best Value Strategies

10 year 10 year

Initial Categories Investment ($M) WG Categories Investment ($M)
Open/Closed O2 Supply $4.5 Open/Closed O2 Supply $0
Catalytic Oxidation $5.0 Catalytic Oxidation $0
Regenerable Technologies $3.85 Regenerable Technologies $6.5
Non-Carbon Materials $1.75
Activated/Impregnated $4.5 .
Carbon : Single Pass $5.0
Enginf:ered Composite $1.8
Materials '
I\{on-Mfembrane Filters $4.5 Aerosol-Particulate Removal $3.0
Fiber Filter Treatments $3.0
Total $28.9 Total $14.5

The Working Group for the Shelters and Critical Components Technology Thrust
Areas developed a resource allocation model at a high level of aggregation, combining all the
Shelter Materials and Treatments into a single “investment area.” It is therefore not possible to
show whether the group confirmed the BAM’s initial investment strategy for shelter materials.
However, for Critical Components, the working group came closer to confirming the optimal
investment strategy as identified by the BAM (Table 25).

As a next step, the COLPRO community should seek to standardize the
investment categories it will use to allocate resources in each budget cycle.

In addition, the BAM should convene SME panels each year to reassess and
update the Master Plan resource allocation model to insure a steady course in investment
implementation until the next FEA and Master Planning cycle.

Finally, the technology thrust areas should be examined together to produce a
single, integrated investment strategy for COLPRO. This will insure the optimal allocation of
resources across the business area.
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Table 25. Comparison of Shelters Initial and WG Best Value Strategies

10-Year 10-Year
Initial Categories Investment ($M) WG Categories Investment ($M)
Materials $5 Materials $13
1. Novel Closures, Seams $3 1. Closures and Seals $5.5
and Seals 2. Seams $2.75
2. Air Beam Technologies $1
3. Tension Frame/Fabric $0.5 3. Structural Supports $0
4. Composite Frames $1
5. Nex'g Gen Air Locks, $1 4 Airlocks $4.5
Barriers, Doors
6. Integrated Power and )
ECU Control System $1 5. Environmental Controls $2.25
7. Threat Mitigation . .
Methodologies $1 Not Included in Model
8. Energy Efficient ok .
Materials Development 0 Not Included in Model
Total $13.5 Total $28
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APPENDIX B

WORKING GROUP PARTICIPANTS

ORGANIZATION | Viorking NAME COMM # E-Mail
roup
COLPRO BAM AP & | Mr. Bruce Nielsen (850) Bruce.nielsen@tyndall.af.mil
AFRL/MLQ (USAF) | Shelters 283-6227
SBCCOM/ECBC AP Pri: Mr. Chris (410) Christopher karwacki@sbccom.apge
(USA) Karwacki 436-5704 | a.army.mil
Filtration Alt: Mr. Jeff Haney
JTCOPS PM (USA) AP & [Mr. Jorge Christian | (410) Jorge.christian@sbccom.apgea.army
Shelters 436-5512 | .mil
AFRL/MLQF (USAF) AP & |Dr. Joe Wander (850) Joe wander@tyndall.af. mil
Filtration Shelters 283-6240
HSW/YACN (USAF) AP & |Mr. Abe Saenz (210) Abe.saenz@brooks.af.mil
CB Program Office | Shelters 536-3434
Battelle
AAC/WMO (USAF) AP & |Mr. Scott Matheson  [(850) Scott. matheson@eglin.af.mil
Combat Support Shelters 882-4684
Systems, Program Ext. 337
Office
CPE integration
Sverdrup
USA NATICK Shelters |Mr. Kristian Donahue |(508) Donahue Kristian@natick.army. mil
Shelter Materials 233-5202
University Contacts: | Shelters |Dr. Christine Jarvis  |(864) Cwirv@clemson.edu
Clemson University 646-8454
(Materials)
Decision Advantage AP & | Mr. Freeman Marvin |(703) ffmarvin@decision-advantage.com
Shelters 593-5335
SBCCOM/ECBC AP & |Mrs. Genna Buckless |(410) Genna.Buckless@sbccom.apgea.ar
(USA) Shelters 436-9788 | my.mil
Decision Analysis
Team
SBCCOM/ECBC AP & [Ms. Trish Vargo (410) Trsiha.Vargo@sbccom.apgea.army.
(USA) Shelters 436-4775 | mil
Decision Analysis
Team
SBCCOM/ECBC AP & [Mr. John Walther (410) John.Walther@sbccom.apgea.army.
(USA) Shelters 436-3569 | mil

Decision Analysis
Team







APPENDIX C

PRESENTATION TO THE 715" MORS SYMPOSIUM

Slide 1

Presentation to the 71st MORS Symposium
Working Group 28 — Decision Analysis

Technology Investment Strateqy Annex:

Collective Protection Front End Analysis and
Master Plan Report

Genna Lee Buckless

Freeman Marvin
Trish Vargo
John Walther
Decision Analysis Team/ECBC

12 June 2003 1
Slide 2
. ) Moo
Outline

* Background
» Purpose & Impact of the Analysis
* Analysis Approach

— Tools, objectives, analysis framework, results

e Lessons Learned

[§]
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Slide 3

" EDGEWOOD
X Chretvet Betogis of Comter

Lt AT« Tt of sk

Background

*  Collective Protection Front End Analysis
—  Ranking of viable technologies relative to application areas

»  Collective Protection Master Plan
—  Select technologies evaluated against other considerations
— 2 products
*  ID Techs for the Tech Base Program
«  Develop a strategic resource allocation model
— 4 steps in process
*  Define CP BA framework
«  Assess high potential technologies
«  Prioritize techs and establish time frames for transition

< *Develop planning models & examine alternative program
strategies

Slide 4

n EDGEWOOD
Chpenis 3 Blotwgic 9 Corber

S (AT o o) o Sobobions

Purpose & Impact
of Analysis

* Purpose

— Develop and examine alternative funding
strategies

— Use funding strategies to create an investment
portfolio which is optimized over 10 years
» Impact
— Development of method to make strategic
funding decisions for R&D programs




Slide 5

a) Tools
b) Objectives

EDGEWOOD
Chorwicnl Beioyis o Comine

U017 - @ et of Baaameon

¢) Analysis Framework

d) Results

Slide 6

Decision Trees &
Strategy Tables
(DPL™)

—
[ ——]

R

Data Template
(EXCEL™)

"EDGEWOOD
I X vwiest Boiwuic Gorder

Eoren 1017 - o Troess @ oisme

Tools

Multi-Criteria
Decision Model
® (Logical Decisions™)

Resource Allocation
Strategy Model
(EQUITY™)

C-3




Slide 7

“ EDGEWOOD
Copeicel Bolowk ol Comter

fnan 1957 & Tomsten ¥ Quiusionn

Objectives

1) Initial Analysis
» Examine alternative funding strategies
* Determine optimal set

2) Workgroup Analysis

 Validate initial models developed by
BAM

Slide 8

Initial Analysis
Framework Steps

n EDGEWOOD
'\ Carniced Weloyic ot Comber

Birwn 1917 - Yrmiion o Swasions

+Create decision tree model
" *Create strategy tables
*Estimate:
*Cost of alternative investment levels
*Probability of success
*Technology benefit levels
tow —pe Assess overall technology weights
»Compile data
EXCELT
*Compute probability adjusted benefit levels
sExamine all possible combinations of technology investments

EQUITY™
*Create an investment portfolio 8

C-4




Slide 9

No fnvest
:st_in_Active_Reactive_ Low Invest 1500
[ o
Y1~ Mod Invest 2500 —
[
High Invest 4000 —
[ —;

Initial Analysis
Framework

“ EDGEWOOD
- { Commivel Solwphcw Comter

S LN . 0 Traston o sdsions

Decision Tree and Influence Diagram showing Strategy Table

Slide 10

Initial Analysis

Framework
Strategy Table

ﬂ EDGEWOOD
LA

L e 1911 - o e o) D,

hvest invest nvest “";IS" ':’“‘
02 sunpy? Regen? Carkon? P4 a}Ts ,
No vest No bwest No invest No bnvest
Low Invest Low hvest Low tvest Low Invest
B0
Mod nvest Mod hvest Mod Invest Mod rvest
[Jageressie 7| | 1 W) | m]
D Increased Eﬁh nvest h«ﬁ\mcﬁ Nﬁm‘eﬁ ﬁh tnvest
Or | BE0dE 7| (4
| P
[Jecuce2
P4 Funinvestment
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Slide 11

ﬂ EDGEWOOD
" Clemics thwiogic s Conder

Tovam 1917 - Tk of Roitiams

Initial Analysis
Framework

Tech Benefit

Utility Curve-
Tech Benefit

2 | e “risk neutral”

None Minimal ' Partial Complete (0, 10, 55, IOO)

/7 TRTRR L

Weights

Slide 12

" EDGEWOOD
Coarnicol Beloph ot Cortar

Oouan 1317 - ¢ iatan o oksbons

Initial Analysis

Framework
The “3 Ps”

Program Outcome Probability of
Success

Probability

Total] Adjusted | Techrology

Minimal | Partial | Complete | Prob.] Benefits Weight
050 T.15 005 - 1.00 125

6 0.50 0.30 0.20 K 41.50

02 Supply j 0 730 | 040 530 W] 5o | 21%

Technology Benefily 10 55 100




Slide 13

ﬂ EDGEWOOD
Coormices Beiog e Conter

Do VBT 2 T o4 Baksboms

Initial Analysis &
Framework

Structure of Investment Areas & Levels

5 EQUITY for Windows - [ c:\mydocu~1\ether\equity\cpmast~1\cp_ap_02.eqw ] !EE
Eie Edit View Configure Clipboard Analysis Help
= LI S| Z Bl ] g g =
1 2 3 4 5
- 028upply None Low Mod High :Mexdmum
2
CatOx None Low Mod High E:Maximum
Regen "None Low Mod High EMaximum
" NonCarbon None Low Mod High §Maximum
i - 3
. NonMemfFilt None Low Mod High Meximum
g
' EngComp " None Low Mod High EMeimum
g “.‘
. FibFilTreat None Low Mod High EMendmum
] i
: ActCarhon None Low Mod High %Maxjmum

Slide 14

TR S —

Initial Results

I = B
Frontxy Pach M2 Prrferarco Vahrs
oeNenTS Weightod Produeroncs Vakim cosrs gENTTS
LEVEL Cont Benett
100¢ Totat Tots!
» 3 o8] e
pRES] EX
e 2 ol
Tl 7 bl
(1] L i bl #
2Luw o
N 3re 44
" o IE 5]
|
200
* Nast Paziane #17 24 I
. Praveous Pack 11 x w7
. 10008 200 10800 “o wom S0000
COSTS (0w RQD)
Pareto Diagram Frontier Package
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Slide 15

v

. .
. 'Y Clamicl Nelagiowl Conder
Initial Results AFET
Lisast 1T - & Toupsbbows of Bakitocse
Order of Buy
= Order of Buy 'En
Order of Buy
cosTS BENEFITS
TECH LEVEL NG CUM NG CUM
# 1 None 0 0 [t} 0
# - 1 None 0 0 1] il
# 3 n 1 None a a 0 0 " .
04 Nort b 1 None 0 0 0 0 Best-Value Package
# A NenMernfilt 1 None 0 0 0 0
# 5o Englemp 1 None 0 0 0 0 feIncremental/Cumulative
#0 7 FbFiTea 1 None 0 0 ] 0
0 R AcCahon 1 None 0 0 0 o Jcosts
#8. Actiaban 2 Low 1500 1500 51 51 .
® 7 FiFITea 2 Low 1500 3000 2 75 o] ine 12
B 5 it 3 Mod 3000 6000 I 123
w e 3 Mod 1500 7500 2 143
% 7. 3 Mod 1500 9000 20 163
® 2 2 Low 5000 14000 2 25
w o1 2 Low 1750 15750 21 25
w® 4 High 1500 17250 18 283
® 6 2 Low 1800 19050 0 283
#0 3 2 Low 3850 22900 0 3w
#M1 1 CSugply 2 Low 4500 27400 5 367
M2 5. MankenFi 4 Hgh 10 (200) 14 (382)
15
Slide 16
3 — ;
Corein el Sainght @ Corder
Workgroup Analysisfe) e

 Intended
— Repeat process used in BAM’s initial assessment
— Validate BAM’s results
* Actual
— Workgroup restructured the decision model

— Examined a new set of funding strategies & all of
their possible combinations

Framework

L B 1087 o Thaar o Bastene
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Slide 17

Workgroup Analysis
Framework

[(ea) ﬂeoeswoon
1 '} Chermices Sategic s Covr

aa 1917 - 2 Tonohon of Susbone

Tech Benefit

100

90 g 7/
80 ‘ . / _
S Tm—— e ' / Utility Curve-
o A AT 08 Tech Benefit
30 b - y AR

i / [T : 5
ot —~ risk seeking

None ‘ Minimat Partial . C{’)mplele (0, 1, 10, 100)

Weights

Audience Response Keypads

Slide 18

Workgroup Analysis @) Messee

Framework
The “3 Ps”

Program Outcome Probability of
Success
Total| Technology |Probability Adjusted
Minimal | Partial | Complete | Prob. Weight Benefits
085 | 013 0.02 T 17
| 065 030 005 |1 87
02 Supply _ 545 [ 040 55 " 3% 95—
ecnndogysam 1 10 100 _[
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Slide 19

o

Workgroup Analysis@

Framework

Structure of Investment Areas & Levels

ﬂ EDGEWOOD
T3 ctmwbropiaons

s 197 - » Toudbban o2 dossbooss

02Supply None g
CatOx Nome  |low ‘i'MBE i
" Regen Nome  |Low [ Mod
Single Pass None  |Low Wod
Aero Part Rem Mone  |Low  [Mod |H\gh “iMasimum

Slide 20
Workgroup Results @) Mestwon

PRSI eomuibitvtar iAottt
Wintes $917 - @ Thabars v Solitens

- o [ I=[ 1 rgaties pahage BEC)
CENEFITS Weighted Proferonce Vabhes Frontier Pack ik Preference Values
cosTS BENEFITS
1000 TECH LEVEL €Cost Henett
Total Toral
1¥n a 0
[11]
.
[11] ¥
°
anr
200
Nedt Parkans o 1N %M A1 66
ol Predarss Pack 98 12000 12000 55 55
'

20000 uee )
©COSTE (0 %0 66000)

Pareto Diagram Frontier Package




Slide 21

"EDGEWOOD
"\ Coomical Belagic s Conber
Workgroup Results & ===
Order of Buy
B8 Order of Buy 'EE
Order of Buy
TS FIT:
cos SEET™ “Best-Value Package”
TECH LEVEL NG CUM NG CUM
# ot 1 Naone 0 0 0 :
#oz 1 None 0 0 0 0 *Line 4
#W 3 1 None 0 0 0 0
0 4 Soge 1 None 0 0 0 o | *Workgroup suggested for
# 5. Agro Pan Rer 1 None 0 0 0 0 BAM to fO“OW thIS
# 4. Single Fass 2 Low 2500 2500 204 204 .
#® 3 Regn 2 Low g0 oo 27 452 | Investment strategy
# 5 AeraPant Pain 2 Low 3000 12000 103 555
# 4 Single Pass 3 Mog 2500 38
21
Slide 22
| r‘EDGEWOOD
Coorsicut Buivghe s Corowr

s 1917 - 5 Tradban ol Sakstonm

Lessons Learned

What did go well? What did not go well?
*EQUITY™ Jed to a clear-cut *DPL™ did not lead to a clear-cut
solution to the funding strategy decision for BAM (limited strategies)
combinations
*The BAM was provided with a *Working groups had to restructure
rigorous examination of the the BAM’s models (lack of
COLPRO technology areas standardized investment categories)
*An assessment of the funding *Working groups could not validate
strategies was accomplished by the | BAM’s decisions
BAM and the Working groups
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