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ABSTRACT 

The life cycle design framework developed at the 
University of Michigan was applied by AlliedSignal to 
improve the manufacture, use, and end-of-life management of 
automobile oil filters. Three oil filter designs were 
investigated: a conventional spin-on filter which is a single- 
use product, a cartridge filter consisting of a reusable housing 
and a replacement cartridge, and a cleanable design which 
uses a reusable housing and cleanable filter element. 
Environmental, cost, performance, and legal requirements 
were developed using a matrix tool and tradeoffs between 
these requirements were studied. These design criteria are 
presented along with results from an analysis of user life cycle 
costs and a simplified life cycle energy analysis. Key 
elements of the life cycle design framework, which is based on 
systems analysis, multiobjective analysis, and 
multistakeholder participation, are also described. 

INTRODUCTION 

Integration of environmental considerations into the 
design process represents a complex challenge to automotive 
manufacturers and suppliers. A logical framework including 
definitions, objectives, principles and tools is essential to 
guide the development of more ecologically and economically 
sustainable product systems. In 1991, the U.S. Environmental 
Protection Agency collaborated with the University of 
Michigan to develop the life cycle design framework [1][2][3]. 
Two demonstration projects evaluating the practical 
application of this framework have been conducted with 
AlliedSignal and AT&T and five additional projects are 
currently in progress. AT&T applied the life cycle design 
framework to a business phane [4]. AlliedSignal investigated 
heavy duty truck oil filters which is the subject of this paper. 

The automobile is one of the most significant 
products impacting our global, regional, and local environment 
through its intense resource use, energy consumption, air 
pollution, and waste [5]. A reduction in environmental 
impacts associated with the life cycle of an oil filter represents 

one possible incremental improvement in the environmental 
profile of the automobile. Approximately 400 million oil 
filters are sold annually in the United States. At present, the 
majority of used oil filters are disposed in landfills. The 
residual oil associated with a retired oil filter presents a 
potential landfill leaching problem. Currently, only a 
relatively small fraction of used filters are recycled. . 
AlliedSignal estimated that as of June 1993,750 tons'per 
month of filter scrap are being recycled into steel and iron 
products. This equates to approximately 18 million filters 
recycled annually in the US. 

The life cycle design framework emphasizes three 
important activities in the design process: specifying 
requirements to guide design improvements, selecting 
strategies for reducing environmental burden, and evaluating 
design alternatives. The specification of requirements to guide 
design and management decisions is a fundamental activity for 
any design initiative [6]. Techniques for assisting 
development teams in establishing environmental design 
criteria have not been widely implemented. A multilayer 
requirements matrix has been developed by the author as a 
tool to identify, organize, and evaluate environmental, cost, 
performance, legal and cultural design criteria [1][2][3]. DFX 
or Design for X strategies [7] such as design for recyclability, 
disassembly, and remanufacturability have been more widely 
promoted. Life cycle assessment tools for evaluating product 
systems [8] [9] [lo] [ l  11 [12] have probably received the most 
attention in the last two decades. The practical application of 
LCA tools by product development engineers, however, is 
limited [131[14]. It is the refinement and application of these 
three types of design and analysis tools that will lead to the 
most effective implementation of life cycle design and DFE, 

The objective of this paper is to present the results 
from the Allidsignal Life Cycle Demonstration project. A 
focal point of this study was the use of the multilayer 
requirements matrix for establishing environmental, cost, 
performance, legal and cultural criteria. Three oil filter 
designs , a spin-on (single use), cartridge filter (reusable 
housing), and cleanable filter (reusable filter and housing) 
were investigated over the course of this project. In addition 
to formulating design criteria, life cycle costs to the user were 
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estimated for each alternative and a simplified or 
"streamlined" life cycle energy analysis of the spin-on and 
cleanable filter designs was performed. The primary elements 
of the life cycle design framework will be introduced here. 
These elements are more fully elaborated upon in the Life 
Cycle Design Guidance Manual [l] and the Life Cycle Design 
Framework and Demonstration Projects [3]: 

FRAMEWORK 

Primary elements of the life cycle design framework are [3]: 

Product life cycle system . Goals . Principles . Life cycle management systems . Development process 

PRODUCT LIFE CYCLE SYSTEM - Life cycle 
design and management requires an accurate definition of the 
product system. The product system can be organized by life 
cycle stages and product system components. Life cycle 
stages include raw materials acquistion, material processing, 
manufacturing and assembly, use and service, retirement and 
disposal. Product, process and distribution components further 
characterize the product system for each life cycle stage. This 
organization in contrast to LCA convention can better 
accommodate product and process design functions. 

The product component consists of all materials 
constituting the final product. Included in this component are 
all the forms that these materials might take throughout the 
various life cycle stages. The product component of a 
conventional oil filter includes the filter media and housing 
parts, which consists primarily of paper, steel, rubber, and 
adhesives. Processing steps transform product materials using 
additional material and energy inputs into final products and 
eventually into residual materials. The process component 
includes direct and indirect material inputs that are not 
significantly incorporated into the final product. Catalysts, 
solvents, and lubricating fluids are examples of direct process 
materials, while plant and equipment represent indirect 
material inputs for processing. The distribution component 
consists of packaging systems and transportation networks 
used to contain, protect, and transport the product component. 
Both the process and distribution components of the product 
system share the following subcomponents: facility, plant, or 
offices; unit operations, process steps, or procedures 
(including administrative services); equipment and tools; 
human resources; direct and indirect material inputs; and 
energy. 

' 

GOALS - The broad goal of life cycle design is to 
design and management products that are ecologically and 
economically sustainable. Necessary conditions for 
sustainability include: sustainable resource use (conserve 
resources, minimize depletion of non-renewable resources, use 
sustainable practices for managing renewable resources), 
pollution prevention, maintenance of ecosystem structure and 
function, and environmental equity. All of these conditions 
are interrelated and highly complementary. Economic 
sustainability requires that the product system meet basic cost, 
performance, legal and cultural criteria. 

The specific environmental goal of life cycle design 
is to minimize the aggregate life cycle environmental burdens 

and impacts associated with a product system. Environmental 
burden include resource inputs and waste outputs which can be 
classified into impact categories according to life cycle impact 
assessment methods. [IS] [I61 [17] General impact categories 
inlude resource depletion and ecological and human health 
effects. No universially accepted method for aggregating 
impacts is available. 

PRINCIPLES - There are three main principles for 
guiding environmental improvement of product systems in life 
cycle design: systems analysis of the product life cycle; 
multicriteria analysis of environmental, performance, cost, 
cultural, and legal requirements and issues (see specification 
of requirements section); and multistakeholder participation 
and cross-functional teamwork throughout the design process. 
Systems analysis focuses on understanding the behavior of 
individual components of a system and the relationships 
between the collection of components that constitute the entire 
system. In addition the relationships between the system 
under study and higher orderbarger scale systems should be 
analyzed. The second and third principles are addressed 
elsewhere in this paper. 

LIFE CYCLE MANAGEMENT - Life cycle 
management includes all decisions and actions taken by 
multiple stakeholders which ultimately determine the 
environmental profile and sustainability of the product system. 
Other uses of the term life cycle management have referred to 
a more limited domain of the life cycle. [18] Key stakeholders 
are users and the public, policymakers/regulators, material and 
waste processors, suppliers, manufacturer;, 
investors/shareholders, the service industry, and insurers. The 
design and management decisions made by the OEM may 
have the greatest influence over the life cycle environmental 
profile of a product system. It is useful to distinguish between 
environmental management by internal and external 
stakeholders. A major challenge for product manufacturers is 
responding to the diverse interests of external stakeholder 
groups. 

The environmental management system (EMS) 
within a corporation is the organizations structure of 
responsibilities, policies, practices, and resources for 
addressing environmental issues. Several voluntary EMS 
standards and guidelines have been developed [BS7750, IS0 
14,001, GEMI]. Although EMS activities have emphasized 
proactive measures in addition to regulatory compliance, 
traditionally these systems have only addressed the 
manufacturing domain of the corporation [19] and did not 
cover end-of-life management or material acquisition 
processing stages. 

LIFE CYCLE DEVELOPMENT PROCESS - The 
product development process varies widely depending on the 
type of product and company and the design management 
organization within a company. In general, however, most 
development processes incorporate the key activities shown in 
Figure 1. For life cycle design this process takes place within 
the context of sustainable development and life cycle 
management. Three types of development activities will be 
briefly described here: specification of requirements, design 
evaluation tools, and strategies for achieving design solutions. 

•
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Figure 1. The life cycle development process. 

S~ecification of Reauirements - Specification of 
requirements is one of the most critical design functions. 
Requirements guide designers in translating needs and 
environmental objectives into successful designs. 
Environmental requirements should focus on minimizing 
natural resource consumption, energy consumption, waste 
generation, and human health risks as well as promoting the 
sustainability of ecosystems. A primary tool of life cycle 
design is the multicriteria matrices for specifying requirements 
shown in Figure 2. Other tools for guiding designers include 
design checklists and guidelines. 

The matrices shown in Figure 2 allow product 
development teams to study the interactions and tradeoffs 
between environmental, cost, performance and legal 
requirements. Each matrix is organized by life cycle stages 
and product system components. Elements can then be 
described and tracked in as much detail as necessary. 
Requirements can include qualitative criteria as well as 
quantitative metrics. 

Figure 2. Conceptual Multilayer Matrix for Developing 
Requirements 

Design Evaluation - Analysis and evaluation are 
required throughout the product development process as well 
as during strategic planning by management. Approaches for 
design evaluation range from comprehensive analysis tools 
such as life cycle assessment (LCA) to the use of single 
environmental metrics. LCA tools can be broadly classified as 
SETAC related methodologies [81[9] [ l  11, semi-quantitative 
matrix evaluation tools [201[21], and other techniques such as 
theEnvironmenta1 Priority Strategies (EPS) system [22]. If 
~ ~ ~ ~ i r o n r n e ~ r d  requirement? fc-> Pre pmdlqr: syste;r, are well 

specified, design alternatives can be checked directly against 
these requirements. Several tools for environmental 
accounting and cost analysis are also emerging [23] [241 [261 
[25]. Cost analysis for product development is often the most 
influential tool guiding decision making. Key issues of 
environmental accounting are: measuring environmental 
costs, allocating environmental costs to specific cost centers, 
and internalizing environmental costs. 

In principle, LCA represents the most accurate tool 
for design evaluation in life cycle design and DFE. Many 
methodological problems, however, currently limit LCA's 
applicability to design.[l3] Costs to conduct a LCA can be 
prohibitive, especially to small firms, and time requirements 
may not be compatible with short development cycles.[27] 
[14] Although significant progress has been made towards 
standardizing life cycle inventory analysis, [l 11 [9] [8] [12] 
results can still vary significantly.[28] [29] Such discrepancies 
can be attributed to differences in system boundaries, rules for 
allocation of inputs and outputs between product systems, and 
data availability and quality issues. 

Incommensurable data presents another major 
challenge to LCA and other environmental analysis tools. A 
large complex set of inventory data can be overwhelming to 
designers and managers who often lack environmental training 
and expertise. The problem of evaluating environmental data 
remains inherently complicated when impacts are expressed in 
different measuring units (e.g., kilojoules, cancer risks, or 
kilograms of solid waste). Furthermore, impact assessment 
models vary widely in complexity and uncertainty. 

Even if much better assessment tools existed, LCA 
has inherent limitations in design and management, because 
the complete set of life cycle environmental effects associated 
with a product system can not be evaluated until a design has 
been specified in detail. 1131 This limitation indicates the 
importance for requirements matrices, checklists and design 
guidelines which can be implemented during conceptual 
design phases. 

Despite these barriers and limitations numerous 
studies have applied LCA tools to automotive design and 
analysis (e.g., [22] [30][3 11 [321[331 [%I). Specific topics 
investigated include material selection [22] [30] [3 11 [32], 
energy consumption [3 1 I [321[33], and emissions [34]. 

Desien Stratecries - Selecting and synthesizing design 
strategies for meeting the full spectrum of requirements is a 
major challenge of life cycle design and management. 
General strategies for fulfilling environmental requirements 
are product oriented (product life extension, 
remanufacturability, adaptability, serviceability, and 
reuseability); material oriented (recycling, substitution, 
dematerialization); process oriented; and distribution oriented 
(optimize transportation and packaging). An explanation of 
each strategy is provided in the Life Cycle Design Guidance 
Manual [I]. 

ALLIEDSIGNAL DEMONSTRATION PROJECT 
BACKGROUND 

OBJECTIVES - The purpose of the Life Cycle 
Design Demonstration Project with AlliedSignal, Filters and 
Spark Plugs (ASFSP) was to apply the life cycle design 
framework and investigate opportunities to reduce 
environmental burdens associated with oil filters. The specific 
objective of the demonstration project was to establish design 
criteria that w ~ u k d  determine if new design alternatives offered 
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significant environmental benefits over an existing filter 
design. AlliedSignal organized a multidisciplinary team from 
Filters and Spark Plugs to participate in this project. Members 
of this team included vice-presidents, directors, and managers 
from engineering, HS&E, marketing and sales. 

ENVIRONMENTAL MANAGEMENT SYSTEM - 
AlliedSignal addresses environmental protection through both 
a vision statement and an environmental policy. 
AlliedSignal's health, safety, and environmental policy, 
effective April 1992, states: It is the worldwide policy of 
AlliedSignal Inc. to design, manufacture and distribute all its 
products and to handle and dispose of all materials without 
creating unacceptable health, safety or environmental risks. 
The responsibility for environmental management is 
decentralized to each operating unit within AlliedSignal. Each 
operating unit has an HS&E manager who reports directly to 
both its president and the HS &E sector president. 

Both AlliedSignal's existing product realization 
process and its total quality management program provided a 
basis for implementing life cycle design. AlliedSignal has a 
comprehensive product review process which covers HS&E 
issues. Their Product Responsiblity Guide, however, has a 
number of shortcomings, such as an orientation toward 
compliance and safety rather than pollution prevention, and 
lack of guidance on implementing design strategies that reduce 
aggregate environmental burden. The objective to reduce 
waste was well defined in the context of TQM, but corporate 
environmental goals with quantitative targets were not 
identified by the project team. A draft Design for the 
Environment Guidance Document indicates that the company 
wishes to place additional emphasis on integrating 
environmental issues into product and process design. 

OIL FILTER SYSTEM DEFINITION- Three heavy 
duty truck oil filter designs, a spin-on, cartridge, and cleanable 
filter design, were investigated over the course of the 
demonstration project. The pH3612 model spin-on type oil 
filter used with heavy duty truck engines was selected as a 
basis for design improvement. This filter is typically changed 
at 20,000 mile intervals. The spin-on oil filter unit is a single- 
use product. Primary components of the spin-on filter are the 
pleated paper filter media, steel housing, steel base (puck) 
which mounts the engine, and a gasket. The spin-on filter has 
an outside diameter of 4 19/32" and height of 10 15/64", 
which is considerably larger than the models used on cars. 
However, the heavy duty truck filter is functionally identical 
to the car filter design except for size. 

A prototype cartridge filter features a reusable 
housing in combination with a single-use filter media. The 
cartridge filter design, also referred to as a quick disconnect 
filter, can be disassembled, allowing the filter media to be 
removed and replaced and the entire unit remounted to the 
engine. This design consists of the pleated paper filter 
cartridge, steel shell, steel base which mounts to the engine, o- 
ring, gasket, and a retaining ring that locks the assembly 
together. The cleanable filter, which is still under development 
and testing is based on the same design as the cartridge filter 
except that a reusable stainless steel mess cartridge was 
subsituted for the paper filter. Simplified process flow 
diagram for both the spin-on and cleanable filter designs are 
shown in Figure 3. At the onset of the project, the 

development team decided to limit its focus to the 
manufacturing through disposal stages of the product life 
cycle. Although the group recognized the importance of the 
raw materials acquisition stage, limited time and resources did 
not permit a full investigation of this stage. 

The project team conducted an inventory analysis that 
identified but did not quantify the material and energy inputs 
and outputs for the spin-on filter product system. Inventory 
items were identified for each component of the product 
system (product, process, and distribution) and across life 
cycle stages. 

The oil filter is a component of the power-train 
system which is a subsystem of the total vehicle system. This 
interrelationship adds complexity to the design process for a 
filter product and points out the importance of establishing an 
effective supplier (filter manufacturer) and automotive 
manufacturer relationship. The following two options for the 
oil filterlengine interface can be considered in redesigning the 
oil filter system: I)  retrofit the oil filter to the existing engine 
mount and 2) redesign the filter and engine concurrently. The 
scope of this demonstration project was limited to the 
consideration of the existing engine mount. Major oil filter 
design changes would require engine design modifications. 
The development team indicated that is difficult to get OEMs 
(original equipment manufacturers) to redesign the engine 
because of the large capital investment necessary for tooling. 
Systems analysis of the oil filter did address the effect of filter 
weight on total vehicle fuel economy. 

DEMONSTRATION PROJECT RESULTS 

DESIGN REQUIREMENTS - After identifying 
inventory items for the spin-on filter, the project team used the 
guidelines offered in the Life Cycle Design Guidance Manual 
to develop design requirements for filters that they referred to 
as "directions for new designs." Weekly meetings were 
scheduled to identify and formulate requirements for each 
element of the multicriteria matrix. They completed all 
environmental requirements for the entire life cycle first, then 
developed full sets of performance, legal, cost, and cultural 
criteria, one matrix at a time. A refined set of environmental, 
performance, and cost requirements are summarized in Tables 
1 through 3; the orginal requirements including legal and 
cultural dimensions are reported elsewhere [3]. The 
information provided by the project team was reorganized into 
a three column matrix (retirement and disposal stages 
combined into end-of-life management) to simplify 
presentation of the results. 

Environmental Reauiremen~ - Environmental 
requirements were specified to reduce the environmental 
burden of manufacturing, use, and end-of-life management of 
the oil filter. These environmental requirements address issues 
relevant to each of key stakeholders including the auto 
manufacturers, vehicle owners, and service personnel. For 
example, criteria to reduce material intensiveness may 
ultimately be set by the OEM. This requirement relates to 
powertrain weight constraints. Light weighting the vehicle 
can increase fuel economy and reduce emissions accordingly. 
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Figure 3. Process Flow Diagrams For Spin-On and Cartridge Filter Designs 

Table 1. Environmental Requirements 

Fdtw Change 4 Dram Rltef 

Product 
Manufacture 
- Reduce amount of material used in product 
- Use lower impact materials 
- Increase recycled content of materials 
- Reduce defective filters and scrap 

Process 
Manufacture 
- Use more efficient processes 

Lower energy and process material 
requirements 

Increase recycle/reuse of residuals 
- Streamline management procedures 

Eliminatelreduce paper use, travel, and testing 

Distribution 
Manufacture 
- Lower energy requirements 
- Reduce logistical requirements (packaging and 

transport) 
Commonize/homogenize materials used 
Reduce materials needed 

- Use low impact materials 
- Use more efficient transport 
- Reuse, recycle residuals 
- On-site manufacturing and distribution 

7 

UselService 
- Extend useful life of filter 

Reduce usage rate 
Eliminate need for filter changes 

UselService 
- Reduce energy and waste 

Minimize pressure drop across filter 
Reduce usage ratelincrease service intervals 
Less messy, "neat and clean" filter change 

- Eliminate need for oil and filter change 
- Use recyclable materials 

UselService 
- Direct ship to customer 
- Use reusable, recyclable, returnable 

packaging 

' 

End-of-Life Management 
- Eliminate need for retirement 
- Increase reuse filters, parts and components 
- Reduce waste materials 
- Increase recyclability of materials 

Commonize/homogenize materials 
- Use lower impact materials 

End-of-Lqe Management 
- Less messyr'neat and clean" retirement 

process 
- Improve recovery processes 

End-of-Life Management 
- Use reusable, recyclable systems for 

collecting and transporting retired filters 

IandMl 
disposal1 

imineration 

Downloaded from SAE International by University of Michigan, Monday, February 25, 2019



Table 2. Performance Requirements 

Table 3. Cost Requirements 

End-of-Life Management 
- Easily retired 
- Drainable 
- Crushable 
- Disassemblable 

End-of-Life Management 
- Simple 
- Minimize spills 
- No special tools required 
- Instructions 
- Trainiig 
- Scheduling 
- Safety 

End-of-Life Management 
- Appropriate storage area prior to 

treatmenddisposal 

Product 
Manufacture 
- Processable materials 
- Meets FMSs 

Process 
Manufacture 
- Production rate (see cost matrix) 

Warehouse management 
- Information flow 
- Staffing 
- Schedules and quotes 
- Inspection - QC instructions 
- Training 
- Certification 
- TQM 

Distribution 
Manufacture 
- Identifiable components 
- Traceable components 
- Appropriate lot sues 
- Packaged for manufacture 
- J.I.T. 
- Minimum inventory 
- Appropriate storage environment 

Uselservice 
- Appropriate life span 
- Meet minimum internal and 

external specs 
- Meet customer specs 
- Serviceable 
- Protect engine 
- Safety factors 
- Withstand environment 

Uselservice 
- Robust 
- Reliable 
- No leaks 
- Effective filtration 
- Customer service 

Minimize time for filter and oil 
change 

- Clear technical information 
- Clear performance information 
- Clear application information 

Uselservice 
- Available 
- Appropriate carton quantity 
- Appropriate packaging i.e., sue  

and protection 
- Bar coding 
- Identification 

Product 
Manufacture 
- Cost effective materials 
- Preferred suppliers 
- Common materials 
- Design for assembly 
Process 
Manufacture 
- Minimize production costs 

Use existing equipment 
Flexible manufacturing 
Low maintenance 
Short set-up times 
Minimize labor 
Optimum throughput/line speed 
Minimize scrap and waste disposal 

- Use of self-managed work groups 
- Training 
Distribution 
Manufacture 
- Minimize distribution costs 

Common parts 
No specialized storage 
Minimize handling 
Optimize material flow 
Minimize packagindreusable 

packaging 

Uselservice 
- Minimize filter cost per mile 

Extend service life 
- Reduce total cost 
- No warrantee problems 

Uselservice 
- Minimize service costs 

Easy installation 
No special tools 
Labor 
Warrantee/recalls 

Uselservice 
- Minimize distribution costs 

Appropriate packaging 

End-of-Life Management 
- minimize waste disposal cost 
- maximum salvage value 

End-of-Life Management 
- Minimize costs 

Minimize spills 
No special tools 
Drainable 
Easily removed 
Simple 
Clear instructions 
Scheduling 
Training 
Safety 

End-of-Life Management 
- Minimize distribution costs 

Appropriate storage 
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Frequency of filter changes and impacts related to 
spilled oil and used rags were addressed. The frequency of 
filter changes is a critical requirement that affects the total 
environmental burden associated with the filter life cycle. 
Clearly, less frequent filter changes would reduce burden but 
only so far as this doesn't shorten engine life. Explicit 
instructions on how frequently to change filters is not provided 
by Allidsignal. Instead, customers are instructed to change 
the filter according to vehicle manufacturers 
recommendations. Better guidance to filter users could lead to 
more optimal use. 

The project team even formulated some idealized 
requirements such as eliminating the need for oil and filter 
changes. 

Recognizing the importance of eliminating landfill 
disposal of oil filters, AlliedSignal created a special task force 
on Used Oil Filters (UOF). UOF scrap is being recycled into 
rebar, fence posts, steel billets, construction channel steel, cast 
iron manhole covers, and cast iron pipe. 

Cost Requirements - Cost criteria weigh heavily in 
decisions regarding design of an oil filter product system. In 
addition to costs to manufacturers and service facilities, the 
total life cycle cost to the vehicle owner should also be 
considered. For each case, it is also important to recognize 
which stakeholder will accrue costs or savings. 

Performance Reauirement~ - The main performance 
requirement of the oil filter is to protect the engine. It is useful 
to understand the function of engine oil before addressing 
performance requirements for the oil filter. Engine oil has the 
following functions: lubricates moving parts; acts as cleaning 
agent (flushes contaminants); protects against corrosion; cools 
(heat transfer media); and seals (combustion seal). Maximum 
engine life depends on correctly using and maintaining oil 
filters to protect vital engine components by filtering out 
abrasive contaminants that accumulate in the lubricating oil. 

An important set of performance requirements focus 
on the process for replacing the filter. The time requirement, 
tools, and level of difficulty are all key factors in guiding 
design choices. 

Legal Requiremen& - Legal requirements for the 
filter product system are constantly changing. During the 
course of the demonstration project several new legal 
requirements were set. For example, EPA ruled on hazardous 
waste management of used oil on 20 May 1992 (40 CFR Part 
261 Hazardous Waste Management System; General; 
Identification and Listing of Hazardous Waste; Used Oil; 
Rule). EPA decided not to list used oils destined for disposal 
as hazardous waste. The EPA also finalized an exemption for 
used oil filters. This exemption is limited to nonterneplated 
filters. Terneplate steel coating is a lead compound which 
could cause a used filter of this type to exceed acceptable lead 
levels. AlliedSignal uses no terneplate in any liquid filter they 
manufacture. 

EPA's exemption applies only to used oil filters that 
have been drained of free flowing oil. If an oil filter is picked 
up by hand or lifted by machinery and used oil immediately 
drips or runs from the filter, the filter should not be considered 
to be drained. 

In addition to federal regulations, many states have 
passed their own regulations on used oil and used oil filters. 
Life cycle designers should be aware of current and likely 

regulations to avoid costly redesign at any stage of the 
development process. 

Selection of Kev Requirements - The matrices 
described in the preceding tables include a comprehensive set 
of design requirements which must then be assigned priority to 
properly guide design. In AlliedSignal's judgment, the 
following criteria were the key drivers for making design 
decisions in this project: 

Satisfy regulations that ban landfill disposal of used filters 
Minimize life cycle cost to user, including replacement 
parts, labor, and retirement costs 
Make filter design compatible with current OEM design 
of filter-engine interface 
Extend useful life of filter system 
Minimize total waste associated with filter use 

EVALUATION OF DESIGN ALTERNATIVES 

Filter alternatives were evaluated with respect to the 
key design criteria. In addition, life cycle costs to the user 
were analyzed and a simplified life cycle energy analysis of 
the spin-on and cleanable filter designs was conducted. 
Preliminary analysis indicates that the cleanable filter would 
best meet the environmental design requirements developed 
for this project. Investigation of waste associated with 
cleaning the filter, however, was not yet characterized. The 
cartridge filter also offers significant waste reduction 
advantages over the spin-on filter. However, the cartridge 
filter does not appear to offer compelling advantage when 
other requirements are considered. 

COST ANALYSIS - Table 4 shows total user costs 
associated with each filter. In terms of total user cost, the 
cartridge filter is somewhat more expensive compared to the 
spin-on alternative. Cost savings from waste reduction are 
offset by higher labor costs associated with removing and 
installing a new filter. The cleanable filter which does not rely 
on a single-use medium may be a cost competitive option to 
the spin-on design. 

The scope of this analysis is limited to a comparative 
assessment of the energy requirements for acquisition and 
processing of product materials for each filter and the relative 
contribution of each filter to the total vehicle fuel economy. 
Energy for steel and aluminum components was computed 
which accounted for 83% and 99% of the weight spin-on and 
cleanable filters, respectively. This analysis excludes the 
energy for manufacturing the filter, filter changes, and 
retirement. Excluding filter manufacturing energy would 
clearly favor the single use filter design. Energy data from 
published [35][36] and industrial sources [Alcoa, AISI] for 
steel and aluminum production were averaged. The spin-on 
and cleanable filters weigh 1248 g and 2624 g, respectively. 
The energy comparision is based on 500,000 miles for a heavy 
duty diesel truck with a fuel economy of 5.3 mpg. The effect 
of the weight of each filter system on fuel economy was 
estimated using an empirical correlation. This correlation 
indicated for a 1000 lb increase in gross weight results in a 
0.7% decrease in fuel economy [37]. With a change interval 
of 20,000 miles 25 spin-on units were required versus one 
cleanable filter and one replacement filter element. 
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Table 4. Total Costs for Heavy Duty Fleet Use of Several Oil Filter Alternatives 

Spin On 
(crushed at disposal) 
Cartridge (filter media 
crushed at disposal) 
Cleanable Filter 
Option A: filter lasts 
500,000 miles 
Option B: filter replaced 
at 250,000 miles2 

I Change Engine Filter Cost Labor Associated Total 
(Clean) Life with disposal Cost Servicing User 
Interval in Miles Costs1 Cost 
in Miles 
20,000 500,000 $377 $350 $87 $814 

20,000 500,000 $265 $569 $87 $921 

'Includes crushing equipment, cleaning fluids and equipment 
2 Filter less durable than option A, but requires less cleaning labor 

Figure 4 shows the relative contributions of material energy 
intensity and fuel economy effects for both the spin-on and 
cleanable filter systems. Results indicate that the cleanable 
filter consumes significantly less energy. This difference 
would be substantially greater if the manufacturing energy to 
produce ther 25 spin-on filters was taken into account. It is 
also expected that the spin-on design would generate 
significantly more solid waste over its life cycle. 

1200 
Fuel 1 1 Materials 1 

Spin-On Filter Cleanable Filter 

Figure 4. Energy analysis of principal product materials and 
fuel economy effects. 

. PROJECT TEAM FINDINGS - The project team 
identified the following key qualitative results from the design 
evaluation of the spin-on and cartridge filters: (The cleanable 
filter which is still under development was not included in this 
evaluation.) 

The primary conflict in changing to a new filter design is the 
culture of the producer and, more importantly, the customer. 
It is difficult to promote a change from a system (spin-on 
filters) which has worked well for so many years to a less 
attractive alternative unless there are overriding drivers like 
government regulation. 
Functionally, a change from a spin-on filter to an alternative 
like the quick disconnect with a cartridge has little impact 

on the design or manufacturing communities; these products 
are already produced in slightly dfferent forms. 
Within the identified requirements there is little conflict. 
AlliedSignal is already driven to use materials and processes 
with minimum environmental impact by legislation 
governing our manufacturing operations as well as our own 
corporate directives. 
The critical requirements are for the performance of the 
filter to meet the required engine specification needs and for 
the product to be salable to our customers. 
There is only a trivial difference between the two products' 
performance, because the designs in effect only alter the 
"packaging" of the filter by changing the pressure housing 
from non-opening to opening. 
Customer acceptance is a much more important and difficult 
issue to resolve. Without a regulatory driver, the new 
product must be sold on the basis of a cost benefit to the 
final customers. This is not a product to product cost 
comparison, but a life cycle cost analysis, incorporating all 
aspects of filter life and associated cost, as shown in Table 
4. Unless a cost benefit can clearly be demonstrated, this is 
not a salable product, and it is of no use to anyone. 
Under current filter disposal regulation, the cartridge filter 
does not clearly meet the requirements as a salable product. 
With the broadening of landfill bans, this situation would 
change. 
In Europe the cartridge filter is gaining popularity, probably 
due to a different regulatory climate. 

AlliedSignal plans to continue pursuing environmentally 
compatible filter design with the emphasis on a reusable 
filter system. 

SUMMARY AND CONCLUSIONS 

The AlliedSignal demonstration project was an 
important test of multilayer requirements matrices for guiding 
the reduction of environmental burdens of oil filters. The 
conventional spin-on filter served as a basis for design 
improvemnt. A prototype cartridge filter was investigated 
which is now being used commercially. During the course of 
the project a cleanable filter design was proposed which is 
now being field tested. 
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DESIGN REQUIREMENTS - The project team 
concluded that matrices are useful for specifying requirements. 
The team indicated that the matrices would be particularly 
useful for guiding a major design change because of the 
amount and complexity of issues that need to be analyzed. 
Interviews with team members indicated that a major benefit 
of the multicriteria approach was that it enabled each member 
of the team to understand the full set of requirements affecting 
the filter product life cycle. The matrix approach also served 
to close communication gaps between design and 
manufacturing. One member of the project team 
recommended involving AlliedSigna17s suppliers and 
customers (auto manufacturers and service industry) in the 
process of specifying requirements. This involvement could 
potentially strengthen the relationship between stakeholders in 
the product life cycle. 

Although use of the requirements matrices was 
initially cumbersome and time intensive, this process will be 
simplified in the future. After the initial set of requirements 
has been established, they can be modified easily during the 
next development cycle. Entering these requirements into a 
computerized database could greatly facilitate both their 
modification and accessibility. Problems encountered here 
were due in part to the level of detail used by the AlliedSignal 
team. Focusing on major issues can greatly streamline this 
process, but project teams should be aware that important 
criteria may be overlooked if requirements development is 
oversimplified. In the end, the ASFSP team identified a small 
number of critical requirements to guide their decision 
making. 

Only qualitative requirements were specified for this 
demonstration project. In the future, quantitative constraints 
for guiding environmental improvement could better serve the 
design team in comparing alternative design solutions. By 
organizing the mamx requirements along a time dmension, 
design objectives can also be differentiated according to 
present, short-range, and long-range issues (or other business 
plan horizons). This type of organization can facilitate 
effective strategic planning of product improvements. 

DESIGN EVALUATION - From the requirements 
matrices the project team was able to select and prioritize key 
criteria for guiding design improvement. Team members 
indicated that legal requirements were the primary factor 
driving the design. If used oil filters were classified as a 
hazardous waste, the cartridge filter design would become 
more attractive due to increased cost for hazardous waste 
disposal. 

Economics is also a critical factor in evaluating 
design alternatives particularly for large truck fleets. 
Economic analysis is complicated because costs and benefits 
accrue to multiple stakeholders (e.g., OEMs, suppliers, 
customers, automotive service industry). There is no clear 
economic advantage for the cartridge design, because total 
user costs are slightly higher than the spin-on filters. In 
addition, production of a cartridge filter may not be the most 
profitable strategy for a manufacturer. The cleanable filter, 
however, may become a competitive alternative to the spin-on 
filter. 

The project team was confident that the quick 
disconnect is an environmental improvement over the spin-on 
design because it allows easier recovery of used oil and results 
in less metal waste. Even though the spin-on filter housings 
may be recycled, the environmental impacts associated with 
collection, processing, and transportation can be significant. A 

rigorous comparative life cycle assessment of the two designs, 
however, was not performed. Clearly, the spin-on filter itself 
represents an investment of more steel and rubber gasket 
material compared to the cartridge filter and to the cleanable 
filter. Although the both filters are more material-intensive 
designs, over their life fewer resources are used. 

One tradeoff is the heavier weight of the two reusable 
systems. The increased weight of these designs results in a 
decrease in fuel economy. Although the filter weight may 
appear negligble (2624 g) with respect to a 15,000 kg truck 
this contribution to the fuel energy consumption over 500,000 
miles can be significant relative to product material energy 
investment. The project team is very sensitive to weight 
specifications and a similar weight differential between single 
use and reusable designs might be marginally more important 
for passenger cars. Even so, ASFSP is confident that the 
weight of cartridge or cleanable filters can be reduced if the 
OEMs cooperate in redesigning the filter interface. 

Overall the cleanable filter is may emerge as 
ecologically and economically attractive design. Final 
judgement can not be made until field tests results are 
analyzed and details on the method for cleaning the filter 
element are available. 

LIFE CYCLE DESIGN - This demonstration project 
showed the importance of establishing a well-defined set of 
design criteria for guiding environmental improvement of an 
automotive part. The development team was successful in 
creating design alternatives that have less environmental 
burdens compared to the conventional spin-on oil filter. Both 
the cartridge filter and the cleanable filter apply the strategy of 
product reuse to address waste reduction criteria and 
anticipated more stringent regulations regarding filter disposal. 
The design initiatives of the AlliedSignal team, which indicate 
favorable environmental outcomes, were taken without 
implementing a rigorous life cycle assessment of each design 
alternative. More complex automotive design problems 
however can benefit from LCA tools as well as advanced tools 
for tradeoff analysis of competing design criteria. 

The life cycle design framework was applied to the 
design of an automotive part which is only one component of a 
highly resource intensive product system. Hopefully, the life 
cycle design framework will be applied to other parts and 
subsystems and eventually lead to more dramatic rather than 
incremental improvements of the total vehicle system. This 
project demonstrates significant conflicts between 
environmental, cost, performance, and legal requirements. 
Multistakeholder efforts will be needed to overcome these 
conflicts and barriers. Achieving environmental progress 
while meeting societies mobility needs is dependent on more 
effective government policy and regulations, changes in 
consumer behavior, or advancements in technology, in 
addition to implementing and improving new systems tools for 
design and management. 
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