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ccording to the May 1993 Office 
of  Management  and Budget 
circular A-131, value engineering 
(VE) is an organized/systematic 
approach directed at analyzing the 
function of systems, equipment, 
facilities, services, and supplies 
for the purpose of achieving their es-
sential functions at the lowest life cycle
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cost consistent with required performance, reliability, qual-
ity, and safety.

The VE methodology consists of a distinct set of work ele-
ments that can be applied to any project. It is a vehicle to 
carry the project from inception to conclusion. By adhering 
to certain formalities, the VE methodology ensures that con-
sideration is given to all necessary facets of the problem. The 
methodology involves an objective appraisal of functions 
performed by parts, components, products, equipment, pro-
cedures, services, and so on—anything that costs money. 
It is designed to create, analyze, and evaluate alternatives 
for eliminating or modifying any element that signifi cantly 
contributes to the overall cost without adding commensu-
rate value to the overall function. Specifi c recommendations 
are supported by necessary back-up data, implementing ac-
tions, a proposed implementation schedule, and a required 
follow-up procedure.

There is a relationship between the VE methodology and 
systems engineering. In the context of a Department of De-
fense acquisition, systems engineering provides a systematic 
set of processes to help coordinate and integrate activities 

throughout the life cycle of a system. Systems engineering 
off ers a technical framework for conducting trades among 
system performance, risk, cost, and schedule.

The VE/systems engineering relationship is based on VE 
being an eff ective technique for making those trades in a 
way that not only reduces costs but also increases pro-
ductivity and improves quality-related features of systems, 
equipment, facilities, services, and supplies. After all, VE is 
more than cost reduction. VE is a disciplined approach to 
examining costs and function from every conceivable angle. 
Cost reduction is just a management approach that focuses 
on developing cost awareness and cutting those costs. VE 
challenges all facets of the product or system based upon 
the function to be performed and identifi es the lowest cost 
alternative that meets the requirements.

As such, DoD policy recognizes the VE methodology as a 
systems engineering tool for making a signifi cant contribu-
tion toward greater economy in developing, acquiring, op-
erating, and supporting the products necessary to fulfi ll its 
mission.

This article provides greater detail on the phases of the DoD 
acquisition process, the role of systems engineering within 
those phases, and the potential contributions the VE meth-
odology can make to the systems engineering processes. 

VE Opportunities During the Defense 
Acquisition Process
The Joint Capabilities Integration and Development Sys-
tem (JCIDS) supports the Joint Requirements Oversight 
Council (JROC) in identifying, assessing, and prioritizing 
joint military capability needs that may ultimately be met 
with a materiel solution obtained through the acquisition 
process. The Defense Acquisition Management Framework 
provides management principles, policy, and procedures for 
translating DoD mission needs and technological opportu-
nities into system acquisition programs. It is characterized 
by fi ve phases separated by three major milestone decision 
points, as depicted in Figure 1. The fi ve phases are: 
• Materiel solution analysis 
• Technology development 
• Engineering and manufacturing development
• Production and deployment
• Operations and support.
 
The three major milestone decision points are: 
• Milestone A—authorizes the technology development 

phase
• Milestone B—typically a formal program initiation 
• Milestone C—approves low-rate initial production. 

The full-rate production decision is made after initial opera-
tional test and evaluation have been completed. Initial opera-
tional capability and full operational capability are achieved 
as the production units are fi elded.
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While value engineering is applicable at any point in the life 
cycle, Figure 2 illustrates that the savings potential usually de-
creases as the program ages. VE should be applied as early as 
possible in the life cycle. Early VE tends to produce greater sav-
ings (or cost avoidance) because at the critical design review, 
approximately 80 percent of the total costs are committed for 
typical programs. (Typically, only 20 percent of the costs are 
incurred.) Therefore, greater opportunities exist for change, 
and the changes cost less to implement before then.
 
Even if early opportunities are missed, VE can still be applied. 
Late in a program, VE is precluded only in those rare instances 
in which the cost of the VE eff ort and subsequent implementa-
tion would be greater than the savings potential. While later 
VE normally adds implementation costs and aff ects smaller 
quantities, such deterrents may be off set by improved per-
formance and reliability and the savings generated from in-
creased product life. Usually, there is some opportunity for 
net savings at any stage of a program.

DoD Directive 5000.1 encourages cost savings: “Acquisi-
tion programs shall be managed though the application of a 
systems engineering approach that optimizes total system 
performance and minimizes total ownership costs.” The use 
of VE and the value methodology can make important contri-
butions to the systems engineering process throughout the life 
cycle, although certain targets of opportunity may be useful 
in selecting an appropriate time to apply VE. Such targets of 
opportunity include situations in which: 
• Current system performance or cost does not satisfy the 

customer
• Advances in technology have system application, result-

ing in enhanced performance or reduced cost
• The likely savings are high
• VE may be applied easily.

An important prerequisite for applying the VE methodology 
is properly establishing separate cost and income baselines 
and data collection practices, enabling more accurate tracking 
of savings during execution. The following sections describe 

VE opportunities early in the life cycle, during production and 
deployment, and during operations and support.

VE Early in the Life Cycle
The most opportune time to apply the VE methodology 
is early in the life cycle, before production begins, before 
fi eld or technical manuals are drafted, and before logistic 
support plans are fi nalized. Although applications may 
be more challenging as compared to later in the life cycle, 
some of the more important benefi ts are:
• Savings can be applied to all production units.
• Reductions to the high cost of development, the sub-

sequent cost of production, and the consequent costs 
related to operation and support may be realized.

• Fewer modifi cations to production lines, tooling, pro-
cesses, and procedures will be required.

• Fewer drawing changes will be necessary.
• Fewer post-production changes to logistic and support 

elements such as manuals, maintenance facilities, and 
spare parts requirements will be needed.

The materiel solution analysis (MSA), technology develop-
ment (TD), and engineering and manufacturing development 
(EMD) phases encompass the early part of the life cycle.

VE During Materiel Solution Analysis
MSA begins with the approval of an initial capabilities doc-
ument, which identifi es the needed capability. Alternative 
concepts for attaining the needed capability have also been 
developed, and a plan for an analysis of alternatives has been 
approved. The purposes of MSA are to refi ne the initial con-
cepts so that a decision on the preferred materiel solution 
can be made, and to develop a technology development 
strategy for the preferred materiel solution. MSA presents 
the fi rst substantial opportunity to infl uence system design 
by balancing technology opportunities, schedule constraints, 
funding availability, performance parameters, and opera-
tional requirements. 

During MSA, systems engineering ideally provides top-
level, iterative, and recursive analytical processes for each 
alternative materiel solution. Such application of the sys-
tems engineering processes can result in a technical evalu-
ation of the operational eff ectiveness and estimated life 
cycle costs of the alternative materiel solutions that may 
provide a materiel solution to a needed mission capabil-
ity. Tradeoff s among system operational requirements, 
operational utility, technology maturity, and life cycle costs 
can lead to a best system solution within allowed con-
straints. Eff ectively employing systems engineering will 
also support a preliminary assessment of the technical and 
management risk that will be considered in choosing the 
preferred materiel solution and formulating the technology 
development strategy.

In the recent past, systems engineering has not had a sig-
nifi cant impact so early in the life cycle. Initiatives are under 

VE is more than cost 
reduction. VE is a 

disciplined approach 
to examining costs and 

function from every 
conceivable angle.
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• Constructively challenge the stated needs and recom-
mend alternatives

• Constructively challenge the desired mission perfor-
mance envelopes to ensure they are necessary and 
most cost eff ective

• Ensure that user requirements are well-founded. 

VE During Technology Development
A successful Milestone A decision initiates the TD phase. 
The phase reduces technology risk and determines the 
appropriate set of critical subsystem technologies to be 
integrated into a full system. It is a continuous technol-
ogy discovery and development process that refl ects close 
collaboration between the science and technology com-
munity, the user, and the developer. Technology develop-
ment is an iterative process of assessing technologies and 
refi ning user performance parameters. At the end of the 
TD phase, all critical technologies should have been dem-
onstrated in a relevant environment at the system, subsys-
tem, or prototype level.

During technology development, systems engineering 
should provide comprehensive, iterative processes to ma-
ture the suite of technologies for the preferred materiel 
solution by:
• Converting critical capabilities into subsystem perfor-

mance specifi cations
• Translating user-defi ned performance parameters into 

confi gured subsystems 
• Integrating the technical inputs of the entire design 

team
• Managing interfaces
• Characterizing and managing technical risk 
• Transitioning technology from the technology base 

into program-specifi c eff orts
• Verifying that preliminary designs meet operational 

needs.

VE can be used to analyze the value of each requirement 
and the specifi cations derived from it by comparing func-
tion, cost, and worth. By critically examining the cost con-
sequences of requirements and specifi cations, a VE study 
can generate answers to the following questions:
• Is the resultant cost eff ect of each requirement compa-

rable to the worth gained?
• Is the resultant cost eff ect of the tolerance specifi ed on 

each requirement comparable to the worth gained?
• Is the resultant cost eff ect upon the product compa-

rable to the worth gained by the specifi cation?
• Can the specifi cation be tailored to minimize eff ort and 

cost?

Such eff orts are, in eff ect, an early application of the prin-
ciples of a cost as an independent variable (CAIV) analy-
sis, which can help determine whether user requirements 
and specifi cations are well-founded and also lead to the 
relaxation or elimination of requirements/specifi cations.

way, however, both to tighten the linkages between the 
JCIDS process and the acquisition management process, 
and to begin acquisition-related technical planning earlier 
in the life cycle. For example:
• The JROC now requires a formal technical risk analysis.
• The Air Force is piloting the disciplined application of 

systems engineering during the development of con-
cepts that feed an analysis of alternatives.

All such activities lead to a systems engineering plan at or 
near Milestone A. VE can have a signifi cant role in support 
of the systems engineering plan during MSA. According 
to Emerson N. Wells in his article “Cost Eff ectiveness and 
Value Engineering: A Comparative Analysis,” published in 
SAVE International Annual Conference Proceedings (1968), 
the analysis of alternatives and associated cost-eff ective-
ness studies can use the VE methodology to analytically 
evaluate functions and provide a mechanism to analyze the 
essential requirements and develop possible alternatives 
off ering improved value. In that context, detailed evalu-
ations of the technical requirements of each alternative 
materiel solution can be made, and their eff ects on total 
performance can be determined. Concurrently, the eff ect 
on life cycle cost of each alternative being considered is 
estimated and related to the individual technical require-
ments. If areas of high cost and high-cost sensitivity are 
identifi ed, the associated requirement may be examined 
in relation to its contribution to eff ectiveness. The require-
ments identifi ed by those high-cost areas could be exam-
ined in detail from a cost-eff ectiveness standpoint. Based 
on the aforementioned eff orts, the VE function may be 
used to do the following:

VE contributes to systems 
engineering activities 

by devising alternative 
means for achieving 

required functions and 
developing alternative 

designs to meet 
functional needs.
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rate. The operation and support cost goal typically would 
be an annual cost per deployable unit (e.g., battalion or 
squadron) or individual system (e.g., ship or missile). The 
goals should be challenging but realistically achievable. 

Tradeoff Studies
Cost, schedule, and performance may be traded off  within 
the trade space between thresholds and objectives docu-
mented in the capability development document. Over 
time, as the system design matures, the trade studies be-
come more refi ned and specialized.

As part of the defi nition and refi nement of the physical 
architecture (design), VE should support the system en-
gineering process by helping develop alternative ways of 
providing the required function with lower production and 
sustainment costs. The value engineer usually engages in 
such activities in high-leverage areas. Therefore, the VE 
process should fi rst identify individual high-cost subsys-
tems or items to stimulate early detection of unnecessary 
costs in time to take corrective action. Once those high-
leverage areas have been determined, the next step is to 
shape and evaluate alternative designs in relation to the 
technical requirements, performance limits, subsystem 
interrelationships, logistics support requirements, and 
system cost and value. VE contributes to the logistics sup-
port analysis as it is used to establish maintenance plans 
and to ensure that the design process incorporates logistic 
requirements and cost considerations, including reliability, 
maintainability, spares, and obsolescence. 

Common VE activities during engineering and manufac-
turing development are:
• Evaluating design concepts from a life cycle cost 

standpoint
• Eliminating unnecessary design-restrictive require-

ments established by the user or design community
• Achieving CAIV
• Meeting system requirements at the lowest life cycle 

cost from a logistics support analysis perspective
• Searching for new manufacturing processes or new 

materials to be used in the design
• Searching for problems encountered by others who 

attempted to design similar systems or components
• Defi ning interfaces between or among functional 

areas
• Conducting design trades.

During the SCMPD step, VE challenges the need for ex-
penditures on data, number of prototypes, peculiar sup-
port equipment, and so on. Initial prototypes are evalu-
ated to identify additional opportunities to improve value. 
VE eff orts at this stage analyze how suppliers can help 
reduce costs, asking the following questions:
• Have suggestions been invited from prospective 

suppliers regarding possible value improvement from 
loosening specifi cation requirements?

VE During Engineering and Manufacturing 
Development
Formal program initiation usually occurs when the mile-
stone decision authority approves entrance into the EMD 
phase. In that phase, the program, system architectures, 
and system elements down to the confi guration item-level 
are defi ned based on the technology matured during the 
TD phase. System design requirements and the support 
concept are refi ned, and integration and manufacturing 
risks are reduced. 

The EMD phase is divided into two parts: integrated system 
design, and system capability and manufacturing process 
demonstration (SCMPD). During integrated system design, 
systems engineering reduces program risk, identifi es po-
tential management issues, and guides design choices by 
allocating requirements at greater levels of detail. Through 
the use of systems engineering, the SCMPD eff ort dem-
onstrates the system performance in its intended envi-
ronment. Verifi cation at each step confi rms that specifi ed 
requirements have been fulfi lled. Validation at the end of 
the process confi rms that the refi ned solution meets the 
needs of the user.

As part of the development and refi nement of the func-
tional architecture, VE should be used for:
• Identifying the necessary top-level functions for each 

of the missions considered
• Identifying technical approaches (i.e., design concept) 

to the missions
• Identifying necessary lower-level functions for each 

technical approach (the value engineer should place 
emphasis on eliminating unnecessary design restric-
tive requirements)

• Evaluating each function in terms of technical feasibility
• Estimating the cost of various functions.

An eff ective application of the VE methodology will in-
clude further analysis of the high-cost functions and the 
identifi cation of alternative, less costly ways of achieving 
the same result. When programs view life cycle cost as 
an independent variable, it should be treated as equally 
important to performance and schedule in program deci-
sions. Program managers are encouraged to develop a for-
mal CAIV plan as part of their acquisition strategy, which 
is required at Milestone B. While the implementation steps 
in a CAIV plan will depend on the type of system and its 
current stage in the acquisition framework, two of the sug-
gested elements—cost goals and trade-off  studies—tie 
closely to VE. (See Defense Acquisition Guidebook, Section 
3.2.4, “Cost As an Independent Variable.”)

Cost Goals
The CAIV plan would include cost goals for unit produc-
tion cost and operation and support costs. The unit pro-
duction cost goal typically would be established for a spec-
ifi ed quantity of systems and a specifi ed peak production 
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VE contributes to these systems engineering activities by 
devising alternative means for achieving required func-
tions and developing alternative designs to meet func-
tional needs. VE has been extensively applied to evalu-
ate and improve manufacturing processes, methods, 
and materials, including support equipment, technical 
data, and facilities, as well as the supply, transportation 
and handling, maintenance, and training functions. VE 
projects can be undertaken under certain circumstances:
• Recent developments indicate a potential opportu-

nity for cost reduction
• The future use of the item depends on signifi cant 

reduction in production costs 
• New manufacturing technology and new materials 

become available.

In addition, as production becomes more mature, VE 
may support the decision to eliminate quality assurance 
testing, which often cannot be proposed until consider-
able experience is acquired and data gathered to prove 
that it is feasible. VE may also reveal that management 
reports required to understand a complex situation early 
in production may turn out to be unnecessary after more 
experience is gained.

VE During Operations and Support
During the operations and support phase of the acquisi-
tion framework, system support is provided to satisfy 
operational requirements and sustainment needs in the 
most cost-eff ective manner over the life cycle. Usage 
data are collected and analyzed to determine the root 
cause of any problems encountered. After a risk assess-
ment is conducted, corrective actions are formulated.

In this phase, systems engineering processes support in-
service reviews; trade studies; and decisions made about 
modifi cations, upgrades, and future increments of the 
system. Interoperability or technology improvements, 
parts or manufacturing obsolescence, aging issues, pre-
mature failures, changes in fuel or lubricants, joint or 
service commonality, and so on, may all indicate the need 
for system upgrade. System disposal is not a systems 
engineering activity, but systems engineering processes 
that inject disposal requirements and considerations into 
the earlier design processes ultimately aff ect disposal.

After fi elding, opportunities for VE may exist for a long 
time. Product life cycles are being extended; for consum-
ables, there is no sure way to determine the total quantity 
that will be purchased. Also, in the past, many items that 
entered the defense inventory were never subjected to a 
VE analysis. The potential for VE savings on these items 
is real. Advances in technology or changes in user re-
quirements provide a basis for potential savings. 

After a system or item is fi elded, changes are often ex-
pensive to implement. However, large potential savings 

• Have all nonstandard parts been identifi ed and ap-
proved?

• Can the use of each nonstandard part be adequately 
justifi ed?

• Can a redesign replace a nonstandard part with a 
standard part?

• Are the standard circuits, standard components, and 
standard hardware the lowest cost items that will 
supply the minimum required characteristics?

Once models and prototypes are built, they must be 
verifi ed to meet the requirements. VE also supports this 
testing process by:
• Identifying functions to be tested
• Challenging the need for certain tests based on the 

functions the tests are designed to serve
• Challenging the tolerances of the tests specifi ed 

based on the functions the tests are designed to 
serve

• Determining cost-eff ective ways to test them.

Finally, as a result of the testing experience, the VE pro-
cess should look for opportunities to simplify the design 
for operational use—make the system easier to operate 
and maintain. Once production begins and the system is 
fi elded, it becomes much more expensive to make these 
kinds of changes.

VE During Production and Deployment
The production and deployment phase begins at Mile-
stone C. During that phase, the system achieves opera-
tional capability to satisfy mission needs. As the inte-
grated components develop into a system, the test and 
evaluation processes frequently reveal issues that require 
system improvements or redesign. When the testing 
environment more closely resembles actual fi eld condi-
tions, the required improvements might be complex and 
subtle. The initial manufacturing process may also reveal 
unanticipated problems that may be resolved by chang-
ing the product somewhat. Low-rate initial production 
should result in completion of manufacturing develop-
ment. Full-rate production delivers the fully funded quan-
tity of systems and supporting materiel and services for 
the program or increment. 

Systems engineering in the production and deployment 
phase is primarily concerned with analyzing known de-
fi ciencies and determining corrective actions. A plan to 
build, modify, verify, and test the proposed solution is 
also formulated and approved. The proposed solution to 
the defi ciency is translated to the appropriate hardware, 
software, or specifi cation changes. Modifi cations are cre-
ated, incorporated, and verifi ed in accordance with the 
approved plan. This product change may include retrofi t, 
since the production process has begun. The impact on 
system cost, schedules, and performance should also be 
considered when addressing production incorporation.
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where less data are available. That has led, in part, to a 
common misconception that VE applies only to produc-
tion contracts. This article describes many potential VE 
applications during development. The systems engineer-
ing process encouraged tradeoff s among cost, schedule, 
and performance represent excellent but often missed 
opportunities for applying VE. It is important to aggres-
sively seek areas to apply VE in these more challenging 
situations.

Finally, in today’s acquisition environment, many systems 
remain in inventory for a long time because of major modi-
fi cations or upgrades (e.g., block changes or preplanned 
product improvements). Therefore, opportunities for large 
VE savings extend much later into the life cycle. Once 
again, such opportunities may be missed because of the 
strong association between VE and production. DoD can-
not aff ord to ignore them in the future.

Note: This article is adapted from the authors’ paper, Value 
Engineering Handbook, published by the Institute for Defense 
Analyses (IDA) in September 2006. The paper was based on 
information in Army Pamphlet 11-3, “Value Engineering” (un-
dated), and DoD Handbook 4245.8-H, “Value Engineering,” 
March 1986. The IDA paper is available at <http://ve.ida.org>, 
and information for this article is used with the permission of 
IDA.

The authors welcome comments and questions and can be 
contacted at dreed@ida.org and jmandelb@ida.org.

to operation, maintenance, and other logistics functions 
might justify the investment. Using VE principles supports 
the development, evaluation, and implementation of such 
changes within the overall systems engineering process. 
Within the Defense Department, the following process has 
been proven to be a successful context for VE:
• Establish cost consciousness in the program
• Establish a cost baseline and identify cost drivers
• Develop a cost-reduction strategy
• Manage cost within the program
• Establish cost goals, objective, and threshold
• Establish meaningful cost-reduction metrics
• Identify and quantify cost-reduction initiatives
• Track implementation of cost-reduction projects
• Measure results against the plan.

VE contributes to every aspect of that process; it is espe-
cially suited to the identifi cation and evaluation of cost-
reduction initiatives. The evaluation function is extremely 
important because such initiatives typically include an up-
front investment that will be recouped over time. 

VE has been used to formulate initiatives to:
• Extend item life by applying state-of-the-art designs, 

materials, or processes
• Reduce repair costs by achieving the repair function in 

a more economical manner
• Reduce packaging costs by improving packaging pro-

cedures or materials
• Remanufacture and replace legacy systems
• Improve reliability and maintainability
• Use commercial processes, technologies, and com-

mercial off -the-shelf items to reduce cost and improve 
reliability

• Replace aging engines and engine parts
• Improve supply-chain response time and reduce logis-

tics footprint using direct vendor delivery, commercial 
maintenance agreements, and virtual prime vendor 
support

• Initiate reliability-centered maintenance and condi-
tion-based maintenance to reduce preventive mainte-
nance costs without aff ecting corrective maintenance 
needs

• Reduce the number of people required to operate and 
maintain by improving usability and maintainability

• Eliminate sole-source procurement.

Seek VE Opportunities
A detailed understanding of the acquisition manage-
ment framework is not a prerequisite for applying VE. It 
is presented here to describe when VE should be applied 
throughout a system’s life cycle and to emphasize that 
the earlier VE is applied, the greater the potential for sav-
ings. The VE activities described in this article sometimes 
take place without using the formal VE discipline. Unfor-
tunately, such informality is often accompanied by un-
even or mediocre eff orts, especially early in the life cycle, 

For further information, please see:

OMB Circular A-131, “Value Engineering”
<http://georgewbush-whitehouse.archives.gov/omb/
circulars/a131/a131.html>

Chairman of the Joint Chiefs of Staff  Instruction (CJCSI) 
3170.01F Joint Capabilities Integration and 
Development System
<https://acc.dau.mil/communitybrowser.aspx?id=152771&
lang=en-US>

DoD Directive 5000.01, “The Defense Acquisition 
System”
<https://acc.dau.mil/communitybrowser.aspx?id=54706>

DoD Instruction 5000.02, “Operation of the Defense 
Acquisition System”
<https://acc.dau.mil/communitybrowser.aspx?id=44891>

Defense Acquisition Guidebook 
<https://akss.dau.mil/dag/>
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