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Product  or  service  disposal  and  retirement  is  an
important  part  of  system  life  management.  At  some
point,  any  deployed  system  will  become  one  of  the
following:  uneconomical  to  maintain;  obsolete;  or
unrepairable.  A  comprehensive  systems  engineering
process  includes  an  anticipated  equipment  phase-out
period and takes disposal into account in the design and
life cycle cost assessment. (See other knowledge areas in
Part  3  for  discussion  on  life  cycle  metrics  and
assessment.)

A  public  focus  on  sustaining  a  clean  environment
encourages  contemporary  systems  engineering  (SE)
design  to  consider  recycling,  reuse,  and  responsible
disposal  techniques.  (See  Systems  Engineering  and
Environmental  Engineering  for  additional  discussion.)
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Topic Overview
According  to  the  INCOSE  Systems  Engineering
Handbook (2012), “The purpose of the disposal process
is  to  remove  a  system  element  from  the  operation
environment with the intent of permanently terminating
its use; and to deal with any hazardous or toxic materials
or  waste  products  in  accordance  with  the  applicable
guidance, policy, regulation, and statutes." In addition to
technological  and  economical  factors,  the  system-of-
interest  (SoI)  must  be  compatible,  acceptable,  and
ultimately  address  the  design  of  a  system  for  the
environment in terms of ecological, political, and social
considerations.

Ecological  considerations  associated  with  system
disposal  or  retirement  are  of  prime  importance.  The
most  concerning  problems  associated  with  waste
management  include:

Air Pollution and Control,
Water Pollution and Control,
Noise Pollution and Control,
Radiation, and
Solid Waste.

In the US, the Environmental Protection Agency (EPA)
and the Occupational Safety and Health Administration
(OSHA) govern disposal and retirement of commercial
systems. Similar organizations perform this function in
other  countries.  OSHA addresses  hazardous materials
under  the  1910-119A  List  of  Highly  Hazardous
Chemicals, Toxics, and Reactives (OSHA 2010). System
disposal  and  retirement  spans  both  commercial  and
government developed products and services. While both
the commercial and government sectors have common
goals, methods differ during the disposition of materials
associated with military systems.

US  DoD  Directive  4160.21-M,  Defense  Material
Disposition Manual (1997) outlines the requirements of
the Federal  Property Management Regulation (FPMR)
and other laws and regulations as appropriate regarding
the disposition of  excess,  surplus,  and foreign excess
personal  property  (FEPP).  Military  system  disposal
activities  must  be  compliant  with  EPA  and  OSHA
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requirements.

Application to Product Systems
Product system retirement may include system disposal
activities or preservation activities (e.g., mothballing) if
there is a chance the system may be called upon for use
at a later time.

Systems Engineering and Analysis has several chapters
that discuss the topics of design for goals such as “green
engineering,”  reliability,  maintainability,  logistics,
supportability,  producibility,  disposability,  and
sustainability. Chapter 16 provides a succinct discussion
of green engineering considerations and ecology-based
manufacturing. Chapter 17 discusses life cycle costing
and the inclusion of system disposal and retirement costs
(Blanchard and Fabrycky 2011).

Some disposal of a system's components occurs during
the  system’s  operational  life.  This  happens  when the
components fail and are replaced. As a result, the tasks
and resources needed to remove them from the system
need to be planned well before a demand for disposal
exists.

Transportation  of  failed  items,  handling  equipment,
special  training  requirements  for  personnel,  facilities,
technical procedures, technical documentation updates,
hazardous  material  (HAZMAT)  remediation,  all
associated costs, and reclamation or salvage value for
precious  metals  and  recyclable  components  are
important considerations during system planning. Phase-
out  and  disposal  planning  addresses  when  disposal
should  take  place,  the  economic  feasibility  of  the
disposal  methods  used,  and  what  the  effects  on  the
inventory  and  support  infrastructure,  safety,
environmental  requirements,  and  impact  to  the
environment  will  be  (Blanchard  2010).

Disposal  is  the  least  efficient  and  least  desirable
alternative  for  the  processing  of  waste  material
(Finlayson  and  Herdlick  2008).

The EPA collects information regarding the generation,
management and final disposition of hazardous wastes
regulated  under  the  Resource  Conservation  and
Recovery Act of 1976 (RCRA). EPA waste management
regulations  are  codified  at  40  C.F.R.,  parts  239-282.
Regulations regarding management of hazardous wastes
begin at 40 C.F.R. part 260. Most states have enacted
laws and promulgated regulations that are at least as
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stringent as federal regulations.

Due to the extensive tracking of the life of hazardous
waste,  the overall  process  has  become known as  the
"cradle-to-grave  system".  Stringent  bookkeeping  and
reporting requirements have been levied on generators,
transporters, and operators of treatment, storage, and
disposal facilities that handle hazardous waste.

Unfortunately,  disposability  has  a  lower  priority
compared  to  other  activities  associated  with  product
development. This is due to the fact that typically, the
disposal process is viewed as an external activity to the
entity  that  is  in  custody  of  the  system  at  the  time.
Reasons behind this view include:

There is no direct revenue associated with the
disposal process and the majority of the cost
associated with the disposal process is initially hidden.
Typically, someone outside of SE performs the
disposal activities. For example, neither a car
manufacturer nor the car's first buyer may be
concerned about a car's disposal since the car will
usually be sold before disposal.

The  European  Union’s  Registration,  Evaluation,
Authorization,  and  Restriction  of  Chemicals  (REACH)
regulation  requires  manufacturers  and  importers  of
chemicals  and  products  to  register  and  disclose
substances  in  products  when  specific  thresholds  and
criteria  are  met  (European  Parliament  2007).  The
European Chemicals Agency (ECHA) manages REACH
processes. Numerous substances will be added to the list
of  substances  already  restricted  under  European
legislation;  a  new  regulation  emerged  when  the
Restriction  on  Hazardous  Substances  (RoHS)  in
electrical  and  electronic  equipment  was  adopted  in
2003.

Requirements  for  substance  use  and  availability  are
changing  across  the  globe.  Identifying  the  use  of
materials in the supply chain that may face restriction is
an important part of system life management. System
disposal and retirement requires upfront planning and
the  development  of  a  disposal  plan  to  manage  the
activities.  An  important  consideration  during  system
retirement is the proper planning required to update the
facilities  needed  to  support  the  system  during
retirement, as explained in the California Department of
Transportation Systems Engineering Guidebook (2005).



Disposal  needs  to  account  for  environmental  and
personal risks associated with the decommissioning of a
system  and  all  hazardous  materials  involved.  The
decommissioning of a nuclear power plant is a prime
example of hazardous material control and exemplifies
the need for properly handling and transporting residual
materials  resulting  from  the  retirement  of  certain
systems.

The  US  Defense  Logistics  Agency  (DLA)  is  the  lead
military agency responsible for providing guidance for
worldwide  reuse,  recycling,  and  disposal  of  military
products. A critical responsibility of the military services
and  defense  agencies  is  demilitarization  prior  to
disposal.

Application to Service Systems
An  important  consideration  during  service  system
retirement  or  disposal  is  the  proper  continuation  of
services for the consumers of the system. As an existing
service  system  is  decommissioned,  a  plan  should  be
adopted to  bring new systems online  that  operate  in
parallel  with  the  existing  system  so  that  service
interruption  is  kept  to  a  minimum.  This  parallel
operation needs to be carefully scheduled and can occur
over a significant period of time.

Examples of parallel operation include phasing in new
Air  Traffic  Control  (ATC)  systems  (FAA  2006),  the
migration from analog television to new digital television
modulation  (FCC  2009),  the  transition  to  Internet
protocol  version 6 (IPv6),  maintaining water  handling
systems,  and  maintaining  large  commercial
transportation  systems,  such  as  rail  and  shipping
vessels.

The  Systems  Engineering  Guidebook  for  Intelligent
Transportation  Systems  (ITS)  provides  planning
guidance for the retirement and replacement of large
transportation  systems.  Chapter  4.7  identifies  several
factors  which  can  shorten  the  useful  l i fe  of  a
transportation system and lead to early retirement, such
as the lack of proper documentation, the lack of effective
configuration management processes, and the lack of an
adequate operations and maintenance budget (Caltrans,
and USDOT 2005).

Application to Enterprises
The disposal and retirement of large enterprise systems
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requires a phased approach, with capital planning being
implemented in stages. As in the case of service systems,
an enterprise system's disposal and retirement require
parallel operation of the replacement system along with
the  existing  (older)  system  to  prevent  loss  of
functionality  for  the  user.

Other Topics
See the OSHA standard (1996) and EPA (2010) website
for  references  that  provide  listings  of  hazardous
materials.  See the DLA Disposal  Services  website  for
disposal  services  sites  and  additional  information  on
hazardous materials.

Practical Considerations
A prime objective of systems engineering is to design a
product  or  service  such  that  its  components  can  be
recycled after the system has been retired. The recycling
process should not cause any detrimental effects to the
environment.

One of the latest movements in the industry is green
engineering. According to the EPA, green engineering is
the design, commercialization, and use of processes and
products that are technically and economically feasible
while minimizing:

the generation of pollutants at the source; and
the risks to human health and the environment.

See  Environmental  Engineering  for  additional
information.
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